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PREFACE 


The Ashmore region on the Sahul Shelf is noted for its unique natural and historic values. Ashmore Reef 
contains a diversity of ecosystems that provides habitat for a range of wildlife including seventeen species of sea 
snakes (two endemic to the Sahul Shelf), three species of marine turtles, resident dugong, a host of seabirds and 
migratory birds, 924 species of fish and 875 species of molluscs (two endemic to Ashmore Reef). Traditional 
Indonesian fishermen have visited the region for at least three centuries. 

To consolidate existing knowledge about the region, a symposium was held in Darwin in April 2001. Organised 
by the Australian Marine Sciences Association and the Museum and Art Gallery of the Northern Territory with 
support from the Department of the Environment and Heritage, the symposium provided an opportunity to share 
information and learn more about this important region. This shared knowledge has resulted in the production of 
this publication. The publication includes most of the papers presented at the symposium and covers topics such 
as the history and development of the region, the geophysical nature of Ashmore Reef, marine and terrestrial 
flora and fauna, traditional Indonesian fishing and reserve management. 

Researchers have taken an active interest in the region for many years. Major research efforts have been made 
by a range of organisations including the Museum and Art Gallery of the Northern Territory, the Western Australian 
Museum, Charles Darwin University, the Australian Institute of Marine Science, CS1RO and Geoscience Australia. 
A host of volunteers and students have based their research on the unique values of the Ashmore region. The 
Department of the Environment and Heritage is proud to have supported many of these research projects. 

The values of the Ashmore area are protected through the declaration of the Ashmore Reef National Nature 
Reserve in 1983 and the Cartier Island Marine Reserve in 2000. These reserves are managed by the Australian 
Government Department of the Environment and Heritage and are protected under the Environment Protection 
and Biodiversity Conservation Act 1999 (EPBC Act). The EPBC Act provides a national framework for 
environment protection through a focus on protecting matters of national environmental significance and on the 
conservation of Australia’s biodiversity, including the legal requirements for establishing and managing 
Commonwealth reserves. 

Balancing the protection of the outstanding values of the Ashmore region with sustainable use is an ongoing 
challenge. This publication marks a significant step in consolidating our understanding of the region from a 
range of disciplines and will influence the management of important ecosystems within the Ashmore region. 

Stephen Oxley 

Assistant Secretary 

Marine Environment Policy Branch 

Department of the Environment and Heritage 


21 December 2004 
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INTRODUCTION 

The Northern Territory Branch of the Australian Marine Sciences Association is 
active in promoting marine environmental issues in Northern Australia, and has jointly 
hosted a number of conferences and workshops, mostly dealing with coastal issues. 
Over the past 20 years, however, marine scientists and others have undertaken much 
work in offshore areas of the Timor Sea, with a focus on Ashmore, Cartier and Hibernia 
Reefs. These reefs lie close together at the westernmost extremity of the Timor Sea, in 
an area collectively referred to here as the Ashmore Region. 

The Ashmore Region is strategically and economically important. Although it is 
Australian territory, the reefs of the Ashmore Region are closer to Indonesia than to the 
Australian mainland, and are subject to a Memorandum of Understanding between the 
Indonesian and Australian Governments which allows for continued access to the region 
tor the purposes of traditional fishing. In recent years, however, there has been concern 
over illegal fishing and people smuggling. The region also is adjacent to a major 
hydrocarbon province in which significant oil and gas discoveries have been made. 
Several large commercial oil and gas fields are located to the east of the Ashmore 
Region, and this area has recently been the subject of a treaty agreement between 
Australia and East Timor (the Timor Sea Treaty) for the development of the major oil 
and gas deposits in an area of seabed known as the Joint Petroleum Development Area. 

Biogeographically, Ashmore, Cartier and Hibernia Reefs are part of a more extensive 
area ol shoals and banks that extend along the edge of the Australian continental shelf 
between about 123° and 130" longitude. The edge of the continental shelf here is part of 
the collision zone ol the Australian and Eurasian plates, which forms the Timor Trough, 
a narrow deep water trench lying between the island of Timor and the Sahul Shelf. The 
Timor I rough provides an important conduit through which is funnelled a significant 
part of the Indonesian through-flow, an important oceanographic feature that brings 
hot, low salinity water from the western Pacific through the Indonesian archipelago to 
mix with Indian Ocean water. 

The region has a long Holocene history, and as a consequence of subsidence in the 
Pliocene, together with the through-flow of warm tropical waters, conditions have been 
favourable for the growth of carbonate banks and coral reef communities. As a result, 
the Ashmore Region is an area ol very high biological diversity. The region supports 
high numbers of coral, mollusc and fish species, and its sea snake diversity and density 
is of global significance. The fauna is considered regionally and in some cases 
internationally significant. Ashmore Reef is listed on the register of the National Estate, 
and is also included on the World Conservation Union (IUCN) list of coral reefs of 
international significance. In addition, a number of species present, such as marine 
turtles, dugong, migratory birds and some sea birds are protected under international 
agreements. 

The region also is of historical and cultural significance. The reefs and shoals of the 
Ashmore Region have long been fished for trepang (beche-de-mer), trochus, fish, shark- 
fin and other marine products by traditional Indonesian fishers, who also used the islands 
for shelter, freshwater and as grave sites. In the early nineteenth century, Europeans 
discovered the reefs and have also used the islands for mining phosphate (guano), military 
exercises, weather observations and as field survey camps for oil and gas exploration. 

The management of this important region poses considerable challenges, and the 
purpose of this Symposium has been to bring together researchers and others with an 
interest in the area to present information on the current state of knowledge of the 
region. The Symposium, held over three days between 4-6 April 2001, attracted more 
than 50 participants from Australia and Indonesia, and 27 papers were presented. 

The Proceedings of the Symposium contain 18 papers and eight abstracts covering 
aspects of geoiogy, geomorphology, oceanography, biogeography, flora and fauna, 
ecology, fishery resources, traditional fishing, history, archaeology, and conservation 
and management issues. 
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The Ashmore Region: history and development 


BARRY C. RUSSELL 

Museum and Art Gallery of the Northern Territory, 

GPO Box 4646, Darwin NT0801, AUSTRALIA 
bany.russell@nt.gov.au 

ABSTRACT 

The history of discovery and usage of the Ashmore Region of the Timor Sea (comprising Ashmore, Cartier and 
Hibernia Reefs) by traditional Indonesian fishers and Europeans is summarised, Indonesian fishing activities in the 
region date back at least 300 years. Following European discovery in the early 1800s, activities in the region have 
included phosphate (guano) mining, weather observation and as field survey camps for oil and gas exploration at 
Ashmore’s islands, and the use of Cartier Reef as a bombing range. The region is close to significant oil and gas 
production areas. Ashmore and Cartier Islands were incorporated as Australian Territories in 1934. Ashmore Reef 
was declared a National Nature Reserve in 1983, and Cartier Reef Marine Reserve was established in 2000. Scientific 
research in the region has been undertaken since the early part of the twentieth century, with much work focused on 
oceanography, geomorphology and sediments, petroleum geology, flora and fauna, and traditional fishing. 

Keywords: Ashmore Region, Timor Sea, history of discovery and usage, scientific research. 


INTRODUCTION 

Ashmore, Cartier and Hibernia Reefs lie close 
together at the westernmost extremity of the Sahul 
Banks, in an area collectively referred to here as the 
Ashmore Region. Because of the reefs’ proximity to 
Indonesia (about 80 nautical miles south of the island 
of Roti), Indonesian fishers regularly visit them, and 
there is a long history of traditional fishing, going back 
at least 300 years. Following European discovery in 
the early nineteenth century, the reefs have seen various 
activities including mining phosphate (guano), weather 
observation and as field survey camps for oil and gas 
exploration at Ashmore’s islands, and the use of Cartier 
Reef as a bombing range. Over the past 20 years, 
because of its unique geological history, biogeography 
and marine fauna, the region has also attracted much 
scientific research. 

In this paper, 1 provide a historical overview of the 
Indonesian and European discovery and usage of the 
Ashmore Region and summarise the range of scientific 
work undertaken. 

INDONESIAN DISCOVERY AND USAGE 

Indonesians have traditionally fished the reefs of 
the Ashmore Region, probably for several centuries. 
Ashmore Reef was accidentally discovered by seafarers 
from the Indonesian island of Roti in the early part of 
the 18th century (Fox 1977). Dutch records confirm 
that Ashmore Reef was known to Indonesian fishers in 


the first half of the 18th century (Macknight 1976), 
and historical evidence points to regular visits by 
Indonesian fishers beginning sometime between 1725 
and 1750 (Fox 1977). At about this time it is also 
believed that Bajo and Makassan people from southern 
Sulawesi began exploring the southern islands of 
Indonesia, and it was these seafarers who were probably 
the first to exploit the marine resources of Ashmore 
and Cartier Reefs (Pike and Leach 1997). 

The earliest reported European contact with 
traditional fishers comes from the narrative of Flinders 
(1814), who described an encounter with a fleet of 
about 60 wooden hulled vessels or perahus near Cape 
Wilberlorce, at the north-west corner of the Gulf of 
Carpentaria in February 1803. The perahus were of 
about 25 tons and carried 20-25 men each, the total 
complement being about 1000 men. The fleet, under 
the command of the chief Pobasso, belonged to the 
Rajah of Boni, and was engaged in fishing for trepang. 
Flinders enquired at Kupang about the trepang fishers 
and was informed that the natives of Makassar (Ujung 
Pandang) had long been accustomed to fish for trepang 
amongst islands near Java, and also a dry shoal lying 
to the south of “Rottee” (Roti), presumably Ashmore 
Reef. 

Little is known of early Indonesian activities at what 
is now known as Ashmore Reef (Pulau Pasir) and 
Cartier Reef (Pulau Baru), and most information dates 
back only to the beginning of the 20th century. Visits 
by vessels of many Indonesian islands in the period 
1900-1940 are well documented (Crawford 1969) and 
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the presence of archaeological sites and relics, 
including ceramic material, glass, abandoned wells, and 
graves are further evidence of regular and frequent 
visits to the Ashmore islands by Indonesian fishers, 
probably since at least the late 19th Century (Clark 
2000 ). 

During World War II, Indonesian fishers were not 
observed near Ashmore Reef by Australian service 
personnel who operated in the area (Witt 1951). 
However, during a CSIRO fisheries survey by FRV 
Warreen in October 1949, Serventy (1952b) reported 
23 perahus at anchor, most of which left quickly 
following the arrival of the survey vessel. In the general 
area, the Warreen sighted “altogether 30 boats with an 
estimated personnel of 300" (Serventy 1952b). 
Serventy also reported that the islands of Ashmore Reef 
showed signs of well-established occupancy, with 
drying racks for clam meat and fish. HMAS 
Cootamundra visited Ashmore Reef in August 1958 
and observed the presence of Indonesian perahus from 
Timor (Commonwealth of Australia 1989), and in 
1967-68, a number of vessels from the Indonesian 
island of Madura were observed at Ashmore Reef 
(Crawford 1969). In July 1974, HMAS Diamantina 
found Indonesian fishers using the cays at Ashmore 
Reef for cooking and drying seabirds (Commonwealth 
of Australia 1989). These observations all demonstrate 
the historical practice of Indonesian fishers utilising 
the reefs for traditional fishing. 

In 1974, a Memorandum of Understanding (MOU) 
was signed by the governments of Australia and 
Indonesia, which allowed continuation of certain 
traditional Indonesian fishing activities at Ashmore 
Reef and Cartier Island and adjacent offshore reefs 
(Anonymous 1975). In April 1989 the MOU was 
revised to include an enlarged ‘box area’ where 
traditional fishing was permitted (Fig. 1). 

Following the development of the MOU there were 
continuous and numerous reports of regular visits to 
Ashmore Reef by Indonesian fishing vessels (ANPWS 
unpublished folios, NP77/129), with evidence of heavy 
exploitation of marine resources (empty clam shells, 
dried sharks’ fins and meat, dried fish, turtles, and sea 
bird remains). In an attempt to control some of the 
excesses of these activities, and in order to implement 
Australia’s obligations under international treaty 
agreements on the protection of migratory seabirds and 
endangered wildlife, in 1983 the then Australian 
National Parks and Wildlife Service moved to declare 
Ashmore Reef as a National Nature Reserve under the 
National Parks and Wildlife Conservation Act 1975. 
Proclamation of the Reserve was published in the 
Commonwealth of Australia Gazette No. G 32 on 
16 August 1983. 

In 1985, the then Department of Territories 
established a seasonal surveillance program at Ashmore 


Reef to control depredation by Indonesian fishers on 
turtles and seabirds. This program, which involved the 
presence of a contract surveillance officer from March 
to November during the fishing season, was improved 
during 1987-88 with some considerable success at 
reducing the illicit taking of turtles and birds. 
Nonetheless, some illicit activities continued and in 
July 1988 the Australian Government introduced new 
regulations that banned all traditional fishing activities 
within the boundaries of the Ashmore Reef National 
Nature Reserve, although access by Indonesian fishers 
to the lagoon near West Island for shelter and to the 
island itself for water continued to be permitted. 

Cartier Island appears to have been much less visited 
by Indonesian fishers than Ashmore Reef, probably 
because it lacks a sheltered lagoon and a supply of 
freshwater. However, there is material evidence of 
regular visits by fishers (Jeffery et ah 1993), and at 
least one Indonesian fisher was buried on Cartier Island 
during 2000 (Commonwealth of Australia 2002). 
Indonesian fishers currently visit Cartier Island on a 
regular basis, but under the new Management Plan from 
July 2003 all access to Cartier Island will be restricted. 

EUROPEAN DISCOVERY AND ACTIVITIES 

Europeans discovered the reefs in the early 19th 
century. Captain Nash discovered Cartier Island in the 
ship Cartier in 1800, and its position was verified soon 
after in 1801, by Captain Heywood of HMS Vulcan 
(King 1827). Captain Samuel Ashmore of the brig 
Hibernia discovered “Ashmore’s Shoal’’ (= Ashmore 
Reef) in 1811, and he also discovered and named 
Hibernia Reef, which is located 16 miles NNW of 
Ashmore Reef (King 1827). 

During the late 1800s Ashmore Reef was heavily 
exploited by phosphate (guano) miners, and from 1876 
onwards a regular export trade (to the United States) 
from all the islands between Ashmore Reef and the 
Abrolhos Islands was carried out (Woodward 1917; 
Fairbridge 1948). As a result of this trade, there was 
some friction between the British Colonial Office and 
the United States State Department, which finally 
resulted in Britain annexing Ashmore Reef in 1878, 
and Cartier Island in 1909 (Langdon 1966). Export of 
phosphate was prohibited in 1904 (Woodward 1917), 
but by 1891 all the guano appears to have been removed 
from the islands of Ashmore Reef, and Louis Knoop, a 
traveller who visited the reef, reported that the only 
things that remained were the “traces of old rails, tanks, 
etc.” (Langdon 1966). A few years later, Indonesians 
were reported to have resumed their visits to Ashmore 
Reef and attempted to plant coconuts on the islands 
(Langdon 1966). In 1920 an Australian syndicate 
attempted again to mine for guano, but their efforts were 
unrewarding and were abandoned (Langdon 1966). 
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Fig. 1. Location of the Ashmore Reef National Nature Reserve and Cartier Island Marine Reserve. 


3 
















B. C. Russell 


In 1923, the Western Australian State Government 
complained to the Commonwealth Government that 
Indonesian fishers were illicitly fishing at Ashmore 
Reef. Since the Commonwealth had no authority over 
the islands, it referred the matter to the British 
Government. In 1931. Britain placed the islands under 
the authority of the Commonwealth of Australia. 
However, legislation accepting the Ashmore and Cartier 
Islands as an Australian Territory, the Ashmore and 
Cartier Islands Acceptance Act (No. 60. 1933), was 
not finally enacted until 1934(Langdon 1966). Control 
of the islands was vested in the Administrator of the 
Northern Territory in 1938 (Langdon 1966) by 
amendment of the Ashmore and Cartier Islands 
Acceptance Act (No. 11, 1938), but with self- 
government of the Northern Territory in 1978, control 
over the Ashmore and Cartier Islands Territory was 
retained by the Commonwealth Government through 
further amendment of the Ashmore and Cartier Islands 
Acceptance Act (No. 59, 1978). 

There is no recorded use of Ashmore Reef during 
World War II. although HMAS Tiger Snake and HMAS 
River Snake visited the reef in 1945 (Commonwealth 
of Australia 1989). An automatic weather station was 
erected on West Island in 1962, but by 1970, all the 
equipment had been stolen and the inner walls removed. 
The station was refurbished in 1971, but pilfering and 
vandalism again resulted in the destruction of the 
station, and it was abandoned in 1973 (Commonwealth 
of Australia 1989). 

In the case of Cartier Island, evidence of European 
and more recent activity on the surrounding reef include 
the remains of an iron-hulled barque, the Ann Millicent, 
wrecked on the southern edge of the reef on 5 January 


1888; the remains of a World War II RAAF Beaufighter 
aircraft which crash-landed on the island on 6 April 
1944; and remnants of exploded munitions (Jeffery 
etal. 1993). 

MILITARY USE 

Cartier Island and its surrounding area within a 
10 km radius is gazetted as a Defence Practice Area 
for the purposes of military exercises. It has been 
principally used as an air weapons range, with its first 
use for this purpose appearing to date back to World 
War II (Commonwealth of Australia 2002). It has not 
been used for this or other military exercises for some 
time and is unlikely to be in the future. In 1986, a 
clearance operation to locate and remove obvious 
unexploded ordinance was conducted on Cartier Island 
and its adjacent reef flat. It remains a gazetted Defence 
Practice Area, but is no longer used for military 
exercises. 

OIL AND GAS EXPLORATION 

Ashmore, Cartier and Hibernia Reefs are located 
about 50-80 km west of the main offshore Petroleum 
Tenement areas in the Timor Sea (Fig. 2). The nearest 
exploration wells drilled to date are located about 
36 km west of Cartier Reef (No. 93, Mt. Ashmore No. 
IB, completed 26/10/1980), and also at Ashmore Reef 
(No. 61, Ashmore Reef No. I, completed 27/3/1968). 
The area is not currently subject to any oil exploration 
permits or production licences (Department of Mines 
and Energy 1992). 



Fig. 2. Petroleum exploration and production tenements near Ashmore Reef and Cartier Island (after Department of Mines and Energy 
1992). 
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PRESENT DAY MANAGEMENT 

The Ashmore Reef was declared a National Nature 
Reserve in 1983 (Fig. 3), with access to the area limited 
mainly to contract staff, management personnel, 
scientific researchers and Australian Customs and Navy 
personnel. Cartier Island Marine Reserve was 
established on 21 June 2000, enclosing a circular area 
4 nautical miles in radius from the centre of Cartier 
Island (Fig. 4). 

In 1988, general visitor access to Ashmore Reef was 
restricted to protect the biodiversity of the Reserve, and 
in 1997 an Instrument of Prohibition was issued that 
further limited public access to the West Island lagoon 
and part of West Island (Commonwealth of Australia 
2002). The large part of Ashmore Reef, which forms 
the Nature Reserve, has been assigned to IUCN 
category la (strict nature reserve), while the area in West 
Island lagoon and part of West Island have been 
assigned to IUCN category II (national park). 

Both Reserves are managed by the Department of 
the Environment and Heritage under the Environment 
Protection and Biodiversity Conservation Act 1999. 
The second management plan for Ashmore Reef 
National Nature Reserve and first management plan for 
Cartier Island Marine Reserve came into effect in 2002. 
Under the current Management Plan that covers both 
Reserves, access continues to be limited; commercial 
fishing activities are prohibited; commercial tourism 
activities are highly restricted and subject to permit; 
and non-commercial recreation activities at Ashmore 


Reef are permitted only in those areas which are open 
to the public (Commonwealth of Australia 2002). On¬ 
site management of the Reserves is carried out by the 
Australian Customs Service, on behalf of Environment 
Australia. 

SCIENTIFIC RESEARCH 

Prior to the International Indian Ocean Expeditions 
(1960-63) little was known of the morphology and 
oceanography of the Sahul Shelf and adjacent Timor 
Sea region. The Dutch Snellius Expedition visited parts 
of the region in 1929-30, and data on the bathymetry 
and sediments appeared in expedition reports (Kuenen 
1935; Kuenen and Neeb 1943). The reefs and banks of 
the Sahul Shelf were described by Teichert and 
Fairbridge (1948) and Fairbridge (1950, 1953, 1966). 
Oceanographic and sediment data from the Timor Sea 
were collected during cruises of the Scripps Institute 
of Oceanography research vessels Malita (1960), 
Stranger (1961), Monsoon (1960) and Lnisad { 1962- 
63), as part of Scripps’ contribution to the International 
Indian Ocean Expeditions. As a result of this work, the 
oceanography of the Timor Sea was described by 
Wyrtki (1961) and the morphology and sediments were 
described by Van Andel and Veevers (1965, 1967) and 
has been summarised by Van Andel and Tjia (1966). In 
the 1960s the surficial geology of the area was assessed 
for future petroleum activities (Taube 1964; Edgerley 
1974), and investigation has continued on the 
hydrocarbon geology of the region (O’Brien and Woods 
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1995; O'Brien et al. 1998a, b, 2000). Recent work by 
Glenn and Collins (2005) has focussed on the 
sedimentology, geomorphology and geological 
development of Ashmore Reef. 

The first biological report specifically of Ashmore 
Reef is that of Smith (1926) who reported on a 
collection of sea snakes deposited in the Natural History 
Museum, London, Museum of Comparative Zoology, 
Harvard, and United States National Museum, 
Washington. Voris (1974) subsequently examined the 
stomach content items of these specimens and reported 
a number of fish species. 

Serventy (1952a) made brief observations of bird- 
life seen around reefs and islands on the Sahul Shelf, 
including Hibernia Reef and Cartier Island, during a 
fishery survey on board the FRV Wareen in October 
1949. 

During 1972-73, the Scripps Institute of 
Oceanography Alpha Helix Expedition carried out 
research on sea snakes and fishes at Ashmore, Cartier 
and Hibernia Reefs (Dunson 1975; McCosker 1975; 
Minton and Heatwole 1975). 

In October 1978, the USSR research vessel 
Professor Bogorov expedition visited Ashmore Reef 
with scientists from the Western Australian Museum 
(WAM) on board. Collections of corals, molluscs and 
echinoderms were made (Marsh 1986) and the presence 
of four species of Alcyonacea were recorded 
(Anonymous 1979). 


The CSIRO fisheries research vessel Courageous 
undertook trawl surveys close to Ashmore, Cartier and 
Hibernia reefs in June 1979 and July 1980 (Sainsbury 
et al. 1984), but the results of this work are unpublished. 
In March-April 1970, the Taiwanese fisheries research 
vessel Hai Kung made a number of trawls in the Timor 
Sea to the east of Hibernia and Cartier Reefs, and 
collected cephalopods and fishes (C.C. Lu, pers. 
comm.). 

In 1984, scientists from the Museum and Art Gallery 
of the Northern Territory (MAGNT) first visited 
Ashmore Reef, and since then the MAGNT and Western 
Australian Museum (WAM) have made extensive 
collections of marine animals at Ashmore, Cartier and 
Hibernia Reefs (Berry 1993; Russell and Hanley 1993; 
Allen 1993, 1996; Hutchins 1998). Work on the 
terrestrial fauna and flora also has been undertaken: 
the vascular plants of Ashmore and Cartier Islands have 
been described by Pike and Leach (1997); and Brown 
(1999) reported on the insects of Ashmore Reef Nature 
Reserve. 

The first attempt to quantify the marine resources 
and the impacts of traditional Indonesian fishing 
activities at Ashmore Reef was undertaken in 1987 by 
Russell and Vail (1988) and Vail and Russell (1989). 
Further assessment of marine resources and the impacts 
of fishing at Ashmore Reef and other reefs in the 
MOU74 Box area was undertaken in 1998 by Skewes 
et al. (1999a, b). 
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History and development of the Ashmore Region 


A survey of the marine biological and heritage 
resources of Cartier and Hibernia Reefs was undertaken 
in 1992 (Russell and Hanley 1993). As part of this 
survey, Jeffery et al. (1993) reported on human activity 
at Cartier and Hibernia Reefs; Jeffery (1993) described 
historical relicts at Cartier Island; and Jeffery and Clark 
(1993) provided an archaeological description of the 
wreck site of the barque Ann MilHcent at Cartier Reef. 
A preliminary survey of archaeological sites at Ashmore 
Reef was undertaken by Clark (2000). 

Much of the current research in the Ashmore Region 
was presented at the Symposium held in Darwin in Apri 1 
2001: Understanding the Cultural and Natural 
Heritage Values and management Challenges of the 
Ashmore Region, the proceedings of which are 
summarised in the papers presented in this volume. 
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Water properties of Ashmore Reef, North-west Shelf, Australia 


KRITON C. GLENN 

Geoscience Australia, Petroleum and Marine Division, 

GPO Box 378, Canberra ACT2601, AUSTRALIA 
Kriton. Glenn@ga.gov. au 

ABSTRACT 

Ashmore Reef is a tropical marine reserve positioned at the confluence of Indian Ocean waters and the Indonesian 
Through-flow. It has three vegetated cays all with fresh water lenses and two lagoons, separated by a calcareous algal 
rise. Both lagoons have two entrances on the northern side of the reef. The reef is subject to a 4.75 m semi-diurnal tide, 
and on a spring tide -7.5 km 5 of water washes over the reef. The regional, lagoonal and well water qualities in and 
around Ashmore Reef have been observed from 1991 with a more intensive program since 1999 to ascertain its 
chemistry and possible relationships with biodiversity. Sea surface temperatures of the surrounding oceanic water 
seasonally range from 25.4°C to 30.2°C and salinity from 34.51 %> to 34.75%<>. Satellite derived lagoonal temperatures 
range from 25.4°C to 34.5°C with an average of29.4°C, salinity ranges from 39.6%o to 3l.2%o. The fresh water lens 
on West Island has had up to 150 000 l/yr pumped from the well. Well water temperature varies between 28°C and 
29°C, and salinity has ranged from 0.03%o to 3.94% with a pH of 7.64 and dissolved oxygen percentage ranging from 
27% to 51 %. This reef is within the tropical monsoonal belt, with thunderstorms occurring on -85 days/yr and where 
evaporation potential is ~ 1820 mm, almost twice that of annual rainfall of-950 mm. 

Keywords: Ashmore Reef, sea surface temperatures, marine reserve, tropical water chemistry. 


INTRODUCTION 

Ashmore Reef is positioned within the monsoonal belt 
at the confluence of Indian Ocean waters and Pacific Ocean 
derived, Indonesian Through Flow (O’Brien et al. 2002). 
This region experiences thunderstorms ~85 days/yr (van 
Andel and Veevers 1967) and evaporation potential is 1820 
mm, almost twice that of annual rainfall of ~950 mm 
(Wyrtki 1961). 

There are three main water types that influence Ashmore 
Reef: I. The surrounding oceanic water masses of the Indian 
Ocean and the Western Pacific Warm Pool that feeds the 
Indonesian Through-flow; 2. The lagoonal waters within 
the reef; and 3. Fresh water lenses on the islands. All three 
water masses have had limited investigation and those in 
progress are concentrating on conductivity, temperature and 
isotopic values. These studies show that generally all water 
masses here are well mixed, with one exception: the 
lagoonal waters strongly stratify during neap tides. 

All three vegetated cays have fresh water lenses and 
support a range of vegetation that in turn provides crucial 
habitat for migratory birds and turtles. The two lagoons 
are separated by a calcareous algal rise. Both lagoons have 
two entrances on the northern side of the reef. The reef is 
subject to a 4.75 m semi-diurnal tide and on a spring tide 
-7.5 km 3 of water washes over the reef. The regional, 
lagoonal and well water qualities in and around Ashmore 
Reef have been observed from 1991 with a more intensive 
program since 1999 initiated by the Department of 


Environment and Heritage’s Marine and Water Division. 
Observations during this study show that sea surface 
temperatures of the surrounding oceanic water seasonally 
range from 25.4°C to 30.2°C and salinity from 34.51%o to 
34.75%o (Fig. 2). Spot temperatures from within the lagoon 
had values ranging from 25.4°C to 38.4°C. Satellite derived 
temperatures are presented in Figure 1. They indicate a 
seasonal cyclic nature in the temperatures values with the 
warmer water in the monsoon season (~ November to 
March). Typical profiles are presented (Fig. 3) with an 
average of 29.4 °C, with salinity ranging from 39.6%o to 
3 1.2%o. Lagoonal water profiles during this study indicate 
that the waters are generally well mixed. But where weather 
and tidal conditions allow, a very' hot, high salinity water 
packet forms and flows in a discrete layer from the intertidal 
sand flats along the bottom of the lagoon out to the open 
ocean (Fig. 4). 

The fresh water lens on West Island has experienced 
greater anthropogenic pressure since the mid 1990s, when 
increased arrivals of suspected unlawful non-citizens 
(SUNCS) accessed the well water. This pressure, combined 
with the ongoing exploitation by the Indonesian fishers, 
has utilised up to 150 000 l/yr from the West Island well. 
The impact of this usage is yet to be determined. During 
this study, the well water temperature values varied between 
28°C and 29°C, and salinity seasonally ranges from 0.03%o 
during the monsoon to 3.94% in late summer with a pH of 
7.64 and dissolved oxygen percentage saturation ranging 
from 27% to 51%. Well water studies are ongoing and 
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show seasonal variability in both salinity and volume. 
Micropalaeontological work on the well water is ongoing 
and the two attempts to find stygofauna in the fresh water 
lenses have so far been unsuccessful. 


II ine Year. Satellite D ervied SST of Ashmore R eef Lagoon 



9 years I 3 values per month 


Fig. 1. Processed satellite data by A. Hobday (CSIRO Marine 
Research) of lagoonal surface-water temperatures from 1991- 
1999. Original data obtained from the NASA Physical 
Oceanography Distributed Active Archive Center at the Jet 
Propulsion Laboratory, California Institute of Technology. 
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Fig. 3. Averaged lagoonal temperature depth profiles. 


record shows seasonal variation due to the south-east trade 
winds, the inter-related seasonal flux of the ITF and the 
yet to be determined Indian Ocean influences. This study 
acquired 29 regional water profiles taken between 1994 
and 1995 and four typical examples are displayed (Fig. 
2). The profiles indicate a well-mixed water column down 
to 45 m. Sea surface temperatures noted to date, are 
between 25°C to 29°C seasonally, with the temperature 
gradient to 50 m not exceeding 2°C. 


Ashmore Reef is located at the confluence of the Pacific 
and Indian Oceans. Across the southern Indonesian 
archipelago, the waters of the Western Pacific Warm Pool 
flow into the Indian Ocean at a rate of 10 15 Sverdrups 
(10 6 m 3 /s) driven mainly by the pressure gradient between 
the two oceans (Jean-Baptiste et al. 1997). This flow of 
water is called the Indonesian Through-flow (ITF) and the 
Timor passage may transport more than half of its total 
volume southward (Molcard et al. 1994). It is the only 
low-latitude inter-ocean interface and its maximum flow 
is during July to September, when it plays a significant 
role in global heat budgets and fresh water balances (Chong 
et al. 2000). 

Specific water-property data are limited in this region, 
but water temperatures around Ashmore Reef from 
satellite derived sea surface temperatures (SST) have been 
acquired since 1991 (Fig. 1). The satellite-derived SST 


August 1994 



Depth m 

Fig 2a, b. Regional oceanic water temperatures 1994-1995, this 
study. 


LAGOONAL WATER 

Two tools were used to gauge the water properties: 
satellite-derived sea surface temperatures (SST) and a 
Yeo-kal multi-probe measuring conductivity temperature 
and depth (CTD). The satellite SST time series (Fig. 1) 
was extracted by Alistair Flobday (CSIRO Marine 
Research) from data obtained from the NASA Physical 
Oceanography Distributed Active Archive Center at the 
Jet Propulsion Laboratory, California Institute of 
Technology. It has been generalised over two pixels and 
shows a distinct seasonal variation; this signal is yet to 
be understood but is probably linked with the interplay 
of the Indian Ocean and the ITF. 

The CTD was deployed on an opportunistic basis at 
16 sites across the reef'al environment over two years to 
gain water property profiles. The profiles measured 
within the lagoon showed that the water column was 
generally well mixed (Fig. 3), with a temperature 
gradient variant of 2°C down to 16.5 m, whereas salinity 
was usually within <0.2% and the pH was stable at 7.64. 
There were several noticeable exceptions to this profile 
with low surface water salinities (31.2%) during tropical 
rain storms, and during neap tides and calm weather 
there was strong temperature stratification. This was 
seen in two locations as distinct layers of hot, high saline, 
lagoonal bottom waters and also interflow water masses 
near the lagoonal entrances. These water masses had 
temperatures ranging up to 35.4°C and salinity up to 
39.6%o. 

Several factors give rise to water stratification in the 
shallow intertidal and subtidal sand flats, mainly 
temperature, evaporation and limited mixing (Fig. 4). The 
shallow environment allows solar radiation and highly 
reflective sand to heat the water to >35.4°C (up to 38.4°C, 
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pers. comm. M. Guinea 2001). High air temperatures and 
persistent wind flow produce significant evaporation 
potential; this combined with low energy wave action 
creates a hot dense water mass on the sand flats. 

Where the density of the water mass is high enough, and 
mixing is limited, the saline water flows underneath the other 
lagoonal water and out the conduits to the open ocean (Fig. 
4). These conduits include the four main entrances to the 
lagoons and several deeper channels across the reef flat. 
This water density layering however, is not always apparent, 
due to the high potential for mixing of this water mass with 
the other lagoonal water by the 4.75 m tidal regime, seasonal 
25 knot trade winds and wave action. 

WELL WATER 

All three Ashmore Reef islands have had potable water 
wells on them. Only one well, that on West Island, is used 
today but it is subject to persistent theft of the pump 
requiring ongoing maintenance and replacement by the 
Australian government. Personal observations over nine 
years show that this well has undergone higher rates of 
usage in the last decade with the influx of fishers throughout 
the year and SUNCS who frequent the region usually in 
the dry season (May to November). This well is used 
predominantly by the Indonesian fishers to extend their 
fishing range further to the south and east by filling up 
their water supplies (up to 80 000 1/yr) and SUNCS 
attending to personal hygiene when they are gathered on 
the island (up to 70 000 1/yr). The impact of the reduction 
in SUNC numbers since mid-2001 is yet to be established. 
According to observations by McQueen (1958) and Dodson 
(1967), the fresh water lens was at 1.2 - 2.2 m depth. This 
present 2000-2001 study noted the lens at 2.6 m at the 
height of the wet season and down to 2.9 m in the dry 
season. 


Data from October 2000 and March 2001 show that 
temperature and pH is constant at 28°-29°C and 7.64 
respectively, most probably due to the buffering effect of 
the carbonate sands (Table 1). 

Anthropogenic use of up to 150 000 1/yr may be the 
cause ot, or significantly influence, the seasonal salinity 
flux by lowering the water table and allowing seawater to 
mix with the fresh water lens in the friable biogenic sands. 
The salinity value is 130 times higher and quite saline in 
October, whereas after the rainy season in March it is 
virtually fresh. 


Table 1 . Properties of West Island well water sampled in October 
2000 and March 2001. 


Month 

Temp 

Salinity 

Dissolved O, 

pH 

October 

28°C 

3.94%o 

28% 

7.64 

March 

29°C 

0.03% 

51% 

7.64 


CONCLUSIONS 


There is significant interest in the water qualities in 
and around the tropical marine reserve of Ashmore Reef, 
as it impacts on the regional biodiversity and responds to 
human interactions, but scientific research is still in its 
infancy. Regional observations show that water profile 
temperatures are fairly constant, with a change of one 
degree from 0 to 100 m. This study identified that this reef 
is flushed with ~7.5 km 3 of water every tide cycle, and 
satellite data yields a comprehensive, nine year data set 
which registers seasonal values of the lagoonal sea surface 
temperature at 25.4°C to 34.5°C. Lagoonal profiles during 
1998-2001 augment these data and also show a salinity 
range of 31.2% to 3.96%o due to the evaporation potential 
being twice that of precipitation. The West Island well water 
has a temperature range of 28°C to 29°C and salinity range 
from 3.94%o to 0.03%o. This may be due to seasonal usage 
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Fig. 4. Water interplay of Ashmore Reef (not to scale). 
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up to 150 000 1/yr and annual monsoonal precipitation of 
~950 mm, the impact of which is yet to be determined. 
The well water pH remained steady at 7.64 due to buffering 
by the ubiquitous biogenic carbonate sands. 

This reefal environment is ideal for multi-disciplinary 
research, for example, habitat and biodiversity 
relationships, investigating palaeo-climate through the 
isotope values recorded in the corals and molluscs, and 
filamentous algal-environment relationships. This research 
will be important to understanding the past and present 
conditions in this dynamic environment. Other worthwhile 
results can be achieved with a permanent cooperative 
science program and the ongoing collaboration and support 
of government agencies, universities and research 
institutions. 
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ABSTRACT 

Ashmore Reef is an ovoid platform reef located on the northern edge of the north-west shelf of Australia (~ 12° 20’ 
S, 123° 00’ E) at the north-western boundary of the Browse and Bonaparte Basins, where the Indian and Pacific 
oceans coalesce. Built on antecedent topography, the reef is the largest emergent reef and has the highest biodiversity 
of any reef on Australia’s western margin. Geomorphological expressions of the carbonate platform include: three 
vegetated cays, each with beach rock skirts, guano deposits and sub-surface fresh water lenses; two lagoons separated 
by a calcareous algal rise; numerous patch reefs; large scale mobile inter-tidal and bare sub-tidal sand flats; seagrass 
beds; microbial mats; lineated and non-lineated reef flats; algal pavement; algal-dominated rise; and a precipitous 
reef front characterised by spur-and-groove morphology. 

Analysis of the surficial sediment indicates that the sediment within the reef complex ranges from sandy mud in the 
lagoon to gravels on the reef crest proximal to micro-atolls and patch-reel's. Foraminifera, coral fragments and Halitneda 
plates are the main components of the surficial sediment sheets. Foraminiferan tests comprise up to 79% of the 0.5- 
2 mm fraction of the surficial sediment, with the assemblage dominated by the species Schlumbergerella Jloresiana, 
Calcarina spp., Amphistegina spp.. Homotrema rubra , Neorotalia calcar and Amphisorus hemprichii. Schlumbetgerella 
Jloresiana is the most abundant foraminifer test in the sediment on the reef crest and in the back reef sand sheets, 
whilst Calcarina spp., Neorotalia calcar and Amphistegina spp. are dominant in the other depositional environments. 
SEM analysis of the tine lagoon sediments provides new evidence for large-scale transport of fine sediments from 
shallow reef environments into the lagoon, and the carbon-14 dated sediments from the vibrocores indicate infill 
rates of up to 0.75 cm/yr. This study also presents a model for the I lolocene growth of Ashmore Reef derived from the 
regional post-glacial relative sea level curve (Yokoyama et al. 2001; Lambeck et at. 2002), C14 dated facies changes 
and reef growth phases extrapolated from the One Tree Reef model (Marshall and Davis 1982). Visual examination 
and imaging of the reef was augmented with 157 surficial sediment samples and a series of 12 vibrocores through 
algal/foramini feral sand and coral across the bioturbated reef platform. Changes in the lagoonal sediment facies were 
carbon-dated, giving dates ranging from 970 to 2020 (± 70 years) BR They indicate a major bio-facies change from 
robust vertical coral columns to an algal-dominated reef crest and reef flats as sea level stabilised at about 2000 BP. 

Keywords: Ashmore Reef, geomorphology, surficial sediments, Holocene growth. 


INTRODUCTION 

Ashmore Reef is an ovoid platform reef located on 
the northern edge of the north-west shelf of Australia (~ 
12° 20’ S, 123° 00’ E) at the north-western boundary of 
the Browse and Bonaparte Basins (Fig. 1). Regional data 
indicates that the tropical austral monsoon rainfall 
exceeds 950 mm whilst evaporation potential is — 1820 
mm (Wyrtki 1961). Built on relatively tectonically stable 
antecedent topography, it is the region’s largest emergent 


reef (150 km 2 ) and has the highest biodiversity of any 
reef on Australia’s western margin (Berry 1993). 

Along with Hibernia Reef to the north, Ashmore 
Reef lies on the edge of an ill-defined fossil reef chain 
that runs along the edge of the Sahul Shelf (Teichert 
and Fairbridge 1948; Fairbridge 1950; Edgerley 1974). 
Regional bathymetric appraisals show a wide range of 
topographically positive carbonate bioherms including 
emergent platform reefs, pinnacle reefs, shoals, and 
submerged banks (Fig. 1). 
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Fig. 1 . Location of Ashmore Reef complex on the north-west shelf of Australia. 


Ashmore Reef is located at the confluence of the 
Pacific and Indian Oceans, the only low-latitude inter¬ 
ocean interface (Fig. 2). Here the high temperature/low 
salinity waters of the Western Pacific Warm Pool 
(WPWP) flow into the Indian Ocean through the 
Indonesian archipelago at a rate ol 10-15 Sverdrups 
(10" ni 3 /s), forming what is called the Indonesian 
Through Flow (1TF). Approximately half of the ITF 
water is channelled via the Timor Trough (Molcard 
et al. 1994), driven mainly by the pressure gradient 
between the two oceans (Jean-Baptiste et al. 1997) with 
maximum flow during July to September. It plays a 



Fig. 2. Oceanographic setting of the Ashmore Reef complex. 


significant role in global heat budgets and Iresh water 
balances (Chong et al. 2000). 

The high biodiversity of Ashmore Reef is thought 
to be attributed to oceanographic influences, its 
diversity of habitat, geographical location and 
possibly the inputs from active hydrocarbon seeps 
identified with Synthetic Aperture Radar (Glenn and 
O'Brien 2000; O’Brien et al. 2002). 

Ashmore Reef rises abruptly from a depth of more 
than 400 m to the south and slopes gently to a depth of 
220 m in the east-north-east (Fig. I). The wind and 
swell impacting on the reef complex predominantly 
travels from the south and south-east, causing the 
southern (windward) reef margin to be more robustly 
developed and continuous compared to the northern 
(leeward) reef margin. 

The hydrodynamic energy at Ashmore Reef is quite 
high, with a mean significant wave height of >1-2 m 
(J. Chappell pers. comm.) and tidal currents estimated 
to reach I m/s. The spring tidal range is 4.75 m 
(National Tide Facility) and on a spring tide -7.5 knT 
of water washes over the reef (Glenn 2005). The tides 
in the Sahul Shelf region are semi-diurnal, and flood 
to the south-west and ebb to the north-east (Glenn 
2005). Although the flow directions vary locally, with 
the currents within the reef complex flowing to the 
north and north-west due to the lagoonal bathymetry. 
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Fig. 3. Surface wind-driven currents of Ashmore Reef (larger 
arrows indicate stronger flow). 


whereas the surrounding surface currents generally 
reflect prevailing seasonal wind directions (Fig. 3). 

Very little work has been carried out on the 
geomorphology, geology or development of Ashmore 
Reef. Previous work has generally focused on the 
reef’s economic potential and appraisal of the Timor 
Sea morphology and sediments (e.g. van Andel and 
Veevers 1967). West Island is thought to be the site of 
guano mining in the early 1900s (ANPWS 1989). 
McQueen (1958) mapped the reef and islands, 
assessing the economic potential of the remaining 
guano, determining it to be sub-economic. Taube 
(1964) assessed the surficial geology of the northern 
Australian islands for future petroleum operations. 
Dodson (1967), who mapped the islands and the 
western part of the reef complex, determined the sand 
to be suitable for profitable lime extraction, and found 
some erratic porphoritic rocks which are now known 
to be Indonesian fishers’ ballast. 

The first scientific geological studies of Ashmore 
Reef were undertaken by Glenn (1997) and Collins 
(2001), who investigated the geological development 
of the reef complex, the relationship between the reef’s 
geomorphology and the make-up of the surficial 
sedimentary facies. The present study provides new 
information on the sedimentology, geomorphology and 
geological development of Ashmore Reef. Geomorphic 
environments and surficial sediments of the reef 
complex are characterised and described, and 
carbon-14 dated facies changes in vibrocores are related 
to the sea-level curve for the region. Finally, a model 
for the Holocene development of Ashmore Reef as it 
responds to a rising sea level, is also presented. 

METHODS 

Geomorphic analysis comprised preliminary 
classification of environments using Landsat TM 
imagery and aerial photography. Landsat TM analysis 


involved running an unsupervised classification on a 
1994 Landsat TM image of the reef complex. The 
classification was carried out in ER Mapper, with the 
unsupervised classifications set for eleven classes 
(Glenn 1997). 

Aerial photographs were also used to identify and 
map the geomorphic environments of the reef. These 
included historical photos from 1963-1995, a full set 
of 1993 colour-infrared aerial orthophotos (1:50000 
scale), complemented by 1:25000 scale true colour 
orthophotos and oblique photographs (Fig. 6). The 
colour-infrared aerial photographs were mosaiced, and 
environments and habitats mapped with reference to 
reef environment models (e.g. Hopley 1982; Guilcher 
1988), and the schematic distribution of the geomorphic 
environments was illustrated in a geomorphic 
environment model. 

The preliminary classification of environments 
using remote sensing imagery was refined and ground- 
truthed in field investigation, between 1994-2002. As 
a result, several of the Landsat reflectance classes were 
amalgamated. The final result of the geomorphic 
environment investigation is a schematic model for the 
distribution of environments in two transects across the 
reef complex. The location of these two transects is 
shown in Figure 4. 

The change in island shape over the period from 
1963 to 1995 (Fig. 8) was investigated using aerial 
photographs taken by the Royal Australian Air Force. 
The vegetation line on the primary sand dune was used 
as the base line comparison reference for all photos. 

Surficial sediment samples (of the top 2-5 cm) were 
also collected using pipe samplers in predetermined 
transects across the environments and the 
characteristics of each site was noted. The sites were 
located and logged using GPS. The lagoon sediments 
were not sampled in linear transects, but samples were 
acquired by free diving or using SCUBA with pipe 
samplers as well as with a pipe dredge from a boat. 
The locations of the sediment samples are shown in 
Figure 4. 

Sediments were sun-dried, relabelled and stored for 
transport back to the laboratory. The sediments were 
split into two different fractions, one for grain size 
analysis and the other for composition/foraminiferal 
analysis. The grain size aliquot was reacted with 
hydrogen peroxide to remove organic matter, washed 
and dried. Samples analysed by Glenn (1997) were dry- 
sieved for 5 minutes into gravel, sand and mud 
fractions, whereas the samples by Collins (2001) were 
dry-sieved into half phi-sizes (<63 pm, <125 pm, 
<250 pm, <500 pm, <1000 pm, <2000 pm and 
>2000 pm). These fractions were then weighed and 
percentage weights calculated. The sediment samples 
were divided into textural groups using hierarchical 
clustering in the SPSS program. 
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Fig. 4. Locations of sediment samples and cores and the two 
transects (shown schematically) used in the geomorphic 
environment model (Fig. 7). 


The fraction for composition and foraminiferal 
analysis was wet sieved into five tractions (<63 m, 
< 150 pm, <500 pm, <2000 pm and >2000 pm). 
Sediment composition data were obtained by 
systematically picking at least 100 grains front the 
500-2000 pm fraction, which gave a 99.9% probability 
of picking a grain type with an abundance of 5% 
(Dennison and Hay 1967). All data on abundances of 
sediment types in this paper are from the 500-2000 pm 
fraction, the dominant grainsize fraction in the reef 
sediments. A thorough visual estimation of the total un¬ 
sieved sediment indicated that the major sediment types 
were correctly identified. The samples were divided 
into facies with similar sediment composition 
abundances using hierarchical clustering in the SPSS 
program. 

Larger foraminiferal abundances were found by 
100+ grain systematic picks of the 500-2000 pm 
fraction. Although Foraminifera are found in smaller 
fractions, larger Foraminifera are the dominant 
foraminiferan taxa in tropical reef complexes such as 
Ashmore Reef. The 500-2000 pm fraction is also 
dominant in the reef complex and, like the sediment 
composition, visual examination of the un-sieved 
sediment indicated that the Foraminifera identified as 
being major contributors to the 500 2000 pm fraction 
are also major contributors to the reefal sediment. The 
samples were divided into facies with similar 
foraminiferan abundances using hierarchical clustering 
in the SPSS program as a guide. Further study of the 
Foraminifera from the 63-500 pm fraction is underway 
and these results will be published in the future, along 
with a full taxonomic list of Foraminifera present at 
Ashmore Reef. 

Foraminifera were identified principally with 
reference to Hottinger et al. (1993) and Loeblich and 
Tappan (1994). The works of Flaig (1988), Loeblich 
and Tappan (1988) and Hayward et al. (1997) were 
used as supplementary references, where taxa were 


not found in the principal references. To aid 
identification. Scanning Electron Microscope (SEM) 
images of each species were taken in the Centre tor 
Microscopy and Microanalysis at the University ol 
Western Australia. 

Living Foraminifera associated with specific 
habitats were noted. The Foraminifera were identified 
as living by observation in life positions, protoplasmic 
colouration, and state ol preservation (see Appendix). 
These features are not unequivocal indicators because 
foraminiferans may remain bound to a substrate after 
death, or bacteria and other organisms may give a 
similar colouration to that of living Foraminifera. 
However, a combination of two or more of these 
features was taken as an indication that they are 
associated with a particular environment or habitat. 

Vibrocores were collected at 11 sites across the back 
reef sand (Fig. 4). Recovery ranged from 0.5 to 6 m 
and all were photographed and logged. The material 
selected for carbon-14 dating was toraminiteral sands 
with one exception of coral in life position. Four cores 
were selected for Cl4 dating, with two dates obtained 
from each at the Australian National University (ANU) 
Research School of Pacific and Asian Studies, 
Quaternary Dating Centre. 

The calcite to aragonite ratio was measured in 
several representative sediment samples using X-ray 
Diffraction (XRD). The Tracers program was used to 
identify the diffraction peaks and SIROquant (version 
7) (standard operating procedure at Australian National 
University Geology Deparment, 1996) used to quantify 
the amounts of calcite and aragonite. 

Pumice collected from the wash-over deposit on the 
beach at West Island was subject to X-Ray Fluorescence 
(XRF) at the ANU Geology Department. The XRF 
quantified the following major elements: Si, Ti, Al, Mn, 
Mg, Ca, Na, K., P, and S in addition to a number of 
trace elements. The pumice chemistry was then 
compared to the chemistry of pumice from surrounding 
source areas in the Banda and Sunda Arcs. 

RESULTS AND DISCUSSION 

The results of the unsupervised classifications of 
the Landsat TM image of Ashmore Reef (Fig. 5) were 
further regrouped following ground truthing of the 
associated geomorphological features resulting in nine 
classes (Table I). These were utilised along with aerial 
photos to define morphological and depositional zones 
across the reef. 

The aerial photographs were interpreted with 
reference to the field investigations into the set of 
typical geomorphic environments of mature reef 
complexes. Figure 6 shows an oblique colour aerial 
photograph of the western half of the reef complex with 
interpreted reef environments overlaid. 
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Comparing the aerial photograph interpretation to 
the Landsat unsupervised classification found that, 
although the general patterns of environments are 
similar, the satellite image was of too low resolution to 
clearly delimit all reef environments, whereas the aerial 
photographs actually resolved some habitat scale 
features. 

A schematic distribution of the interpreted 
geomorphic environments and their constituent habitats 
across two transects at Ashmore Reef is shown in Figure 
7. Each of the environments found at Ashmore Reef are 
described below from field investigation. Fauna found 
to be associated with particular environments are also 
noted and Table 2 lists associations between living 
foraminiferans and environments or habitats. 

Reef front. The reef front makes up 1% of the reef 
area and part of the active growth zone (class 10). 
Observations on the windward margin show a 
precipitous reef front with spur-and-groove 
morphology, with groove spacings between 1.5 and 
5 m. Some grooves are overgrown by corals and algae 
and most have sediment drifts scattered along the 



Fig. 5. Reflectance Classes as defined in an 11 class unsupervised 
classification of a 1991 Landsat TM image of Ashmore Reef. The 
associated ground-truthed zone for each class is listed in Table 1. 


Table I . Features relating to the classes defined in the unsupervised 
classification of the Landsat TM image. 


Class 

# 

Ground-truthed zone 

Colour 

% of 
reef 




area 

1 

Turbid lagoonal water 

White 

18 

2 

Subtidal sand flats with algae 

Grey blue 

11 

3,11 

Subtidal/exposed sand sheets, 
islands 

Magenta, 

purple 

28 

4 

Typical lagoonal patch reefs growth 

Dark blue 

5 

5 

Algal encrusted substrate. 

Olive 

17 

6 

Open sea water 

Blue 

- 

7,9 

Reef flat 
range 

Yellow 

18 

8 

Marine mixing or artefact 

Bright red 

- 

10 

Active growth zone 

Dark green 

3 



Total 

100 



Fig. 6. Oblique colour aerial photograph with interpreted 
geomorphic environments overlaid. 


Table 2. Associations of living (or recently dead) Foraminifera with habitats at Ashmore Reef, based on two or more of: observation in 
life position, good preservation, presence of protoplasmic colouration. 


Species 

Habitat 

Notes 

Homotrema rubra 

Turfing algae - coral, coralline algal 
pavement, coral lineation habitats 

Encrusting Foraminifera associated with habitats 
where there is hard substrate (particularly coral or 
coralline algae). Identified living by preservation, 
strength of red colouration and observation in life 
position. 

Schlumbergerella floresiana 

Turfing algae - coral habitat 

Associated with turfing algae of both the windward 
and leeward reef crests. Identified as living by 
observation in life position, preservation and brown 
protoplasmic colouration. 

Calcarina hispida 

Seagrass - sand lineation, seagrass - 
sand banks, seagrass mound habitats 

Occurs living in seagrass habitats. Identified as 
living by preservation and brown protoplasmic 
colouration. Not observed in life position. 

Neorotalia calcar 

Seagrass - sand lineation, seagrass - 
sand banks, seagrass mound habitats 

Occurs living in seagrass habitats. Identified as 
living by preservation and brown protoplasmic 
colouration of test. Not observed in life position. 
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Fig. 7. Geomorphic environment model for Ashmore Reef, showing the distribution of environments and habitats across the two schematic 
transects shown in Figure 4. 


groove floor. The sides and tops of the spurs have 
healthy algal (primarily Halimeda) and coral growth. 
Berry (1993) identified 225 species of coral at Ashmore 
Reef with the greatest diversity at the reef front. Large 
populations of benthic Foraminifera, chiefly 
Schlumbergerella floresiana, are found growing 
attached to the Halimeda tufts. 

The floors of the grooves are active sediment chutes, 
typically covered by coral fragments (ranging in size 
from sand to boulder size) and with extensive drifts of 
Halimeda plates, encrusting algae and a small 
percentage of gastropod and bivalve shells. 

In the north and eastern margins of the reef complex, 
the reef front extends to a depth of approximately 18 m. 
Large sections of broken coralline-algal pavements, 
overgrown and cemented by a highly diverse assemblage 
of corals and encrusting organisms, are abundant. These 
pavements may be Pleistocene erosional surfaces similar 
to the benches at One Tree Reef in the Great Barrier 
Reef (Marshall and Davies 1982) or other terraces 
associated with a sea level hiatus. Recent SWATH 
mapping by the Royal Australian Navy identifies a series 
of reef terraces down to more than 120 m water depth. 
Further work on this data set is being undertaken in 
association with sea level studies. 

Reef crest. Also part of Class 10, the reef crest makes 
up 2% of the reef complex and is most prominent on the 


windward margin, where it is emergent by up to 1.7 m 
in spring low tides. It is characterised by a convex 
coralline algal pavement between the reef front and reef 
fiat. A coral boulder zone has formed immediately behind 
this crest where it merges with the reef flat. The coral 
boulder zone extends around the whole perimeter of the 
reef complex, while the cohesive coralline algal 
pavement is only present on the windward reef margin 
and the western end of the leeward margin. The coralline 
algal pavement is largely devoid of sediment deposits, 
but is incised in many places by linear drainage conduits 
which are oriented perpendicular to the reef front and 
generally have coral and coralline alga debris littering 
their floors. The conduits are generally shallow, but reach 
up to a maximum of 2.4 m deep and 1.2 m wide in areas. 
These conduits channel water on and off the reef 
complex with the rise and fall of the tide. 

The coral boulder zone comprises both living and 
dead corals, most of which are cemented with coralline 
algae. On the north-eastern side of the reef there is an 
ill-defined reef crest/boulder zone with over 50 
coralline blocks up to 120 m behind the reef front. The 
blocks are generally between about 2 and 4 m 3 ; the 
largest are two boulders that were over 75 m 3 
(photographed in 1994), but were only about 25 m 3 in 
2002, indicating they have been subject to effective 
transport/erosion regimes. Turfing algae is also 
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common in this boulder zone and the algae commonly 
have large abundances of robust Foraminifera, mainly 
Schlumbergere/la floresiana, living attached to it. 

Reef flat. The reef flat comprises 32% of Ashmore 
Reef, classified as Landsat TM class 7 and 9, and is up 
to 2 km wide on the southern windward reef margin. 
Around most of the reef complex, the reef flat is 
separated from the lagoons by back reef sand, however 
on the central northern side, the reef llat slopes gently 
towards the lagoon where abundant coral columns rise 
from a sandy substrate. 

On the windward margin, the reef flat comprises 
alternating dark and light lineations generally oriented 
perpendicular to the reef front, indicating the prevailing 
hydraulic regime (pers. obs.). The dark lineations 
consist of coral micro-atolls, faros, and coral boulders, 
most of which are covered with encrusting algae. This 
is also a preferred habitat of the large clams (Tridacna 
spp.). The tops of the coral micro-atolls are generally 
exposed on spring low tides. The topographically-lower 
light lineations are sand sheets, with extensive but 
sparse Thalassia seagrass meadows. Filamentous algal 
occurrences are also associated with both this reef Hat 
habitat and the back reef intertidal sands. 

On the northern margin there are slabs of cracked 
coralline-algal pavement tilted slightly northward. The 
leeward reef flat is devoid of the characteristic 
lineations of the windward reef flat; instead it comprises 
sand banks with areas of seagrass interspersed with 
intertidal pools. Ephemeral individual smaller pools 
form where the sand banks are eroded and commonly 
have dead coral substrates, whereas the larger pools 
are more interconnected, better Hushed, and have a 
range of live hard and soft corals associated with the 
sandy substrate. 

Two oval and one elongate pools totalling 0.3 km 2 
occur on the windward reef Hat. These have previously 
been referred to as “blue holes” (Woodroffe 1984), but 
from field observations during this study they were 
observed to have a maximum depth of 8 m, are not 
circular and are now identified as blue pools (Glenn 
1997). The formation of these blue pools was probably 
due to collapsed caves or dolines in the inherited 
Pleistocene karst morphology. The sharp edges of the 
well-flushed blue pools have high coral, algal and fish 
diversity. Extensive, vibrant, digitate coral communities 
(e.g. Acropora sp.), and columnar coral communities 
(e.g. Porites) rise from the sand Hoors. The two larger 
pools are being infilled by reef Hat derived sediment 
from the windward margin by a mobile sand sheet. 

Back reef sands. The back reef sand environment 
(classes 3 and II) is extensive at Ashmore Reef, 
comprising -40% of the total reel area. A number of 
smaller habitats within the back reel environment have 
been identified and described in Collins (2001). These 
include subtidal and intertidal sand sheets, algal- 


dominated rises separating the lagoons, seagrass 
meadows ranging in cover, microbial mat zones and 
rippled/chevron-shaped sand deposits and filamentous 
algal-covered shingle ridges. 

The back reef environment has three permanent sand 
cays situated on the extensive sand Hats, along with 
several mobile sand cays in a linear relationship with 
the islands along the windward side of the reef. 

The windward back reef consists of both intertidal 
and subtidal sands, multiple lobes/sand sheets 
prograding into the lagoon, characterised by a steep 
front at -50 degrees, and patch reefs in various states 
of burial. In contrast, the leeward back reef slope into 
the lagoon is characterised by healthy and diverse patch 
reefs and branching corals. 

The subtidal sand forms much of the lagoonal 
boundaries and lagoonal substrate in the northern and 
central section of East Lagoon. Several shingle ridges 
composed of broken coral branches and plates are 
deposited over the central sand sheets, and occur on 
the central leeward edge of Ashmore Reef in the form 
of two, mobile, cone-shaped shingle banks. 

Lagoon. Ashmore Reef has two large lagoons (East 
and West), with a total area of about 55 km 2 and 
comprising 24.5% of the reef complex, part of which 
is classified as class 1 on the Landsat image. The East 
Lagoon is about three times larger than West Lagoon, 
but is shallower, having a maximum depth of-5-15 m 
as opposed to about -10-25 m in West Lagoon. Both 
lagoons have two entrances, all of which are located 
on the leeward side of the reef complex. The deeper 
regions of West Lagoon have patch reefs with luxuriant 
coral growth rising from its Hoor, whereas the shallower 
areas of East Lagoon are characterised by sparse low 
profile and low diversity patch reefs and, in some areas, 
extensive filamentous algae and macro-algae. The 
southern, less flushed region of East Lagoon has 
numerous algal clumps and abundant filamentous algal 
growth, whereas the other regions are characterised by 
patch reef growth (generally around 5 nr). The deeper- 
water sediments have high percentages of mud, and are 
reworked by callianassid shrimps, molluscs, dugong 
and stingrays. 

Near the entrances to East Lagoon, extensive, 2 km 
long, chevron-shaped (bi-directional) tidal ramps are 
testament to the oscillating hydraulic regime associated 
with the lagoon entrances and reef edge. 

Islands. Ashmore Reef has three vegetated islands 
(Fig. 8) totalling 0.3% of the reef complex’s total area 
and they are classified within classification 11 on the 
Landsat image. The largest of the islands. West Island, 
is about I km in length, whereas Middle and East 
Islands are approximately 500 m in length. These 
islands comprise mainly biogenic sand and coral 
shingle, and are located centrally on the intertidal sand 
sheets. The islands are seasonally covered with shrub 
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and herblands, have a gentle basin shape and provide 
nesting sites for 17 of the 78 migratory bird species 
that frequent Ashmore Reef(ANPWS 1989). All islands 
are capped by a thin guano layer, most of which is 
between 4% and 5% phosphate (McQueen 1958), and 
each has a fresh water lens (ANPWS 1989). 

The primary sand dune (fore dune) on each of the 
islands is approximately 1.5 tn above highest spring 
tide and each is heavily burrowed by turtles. The fore 
dunes are littered with wash-over deposits of pumice, 
coral and wood, and in places the deposits reach up to 
10 m behind the fore dune. West and Middle Island both 
have beach rock outcropping from their beaches (around 
85% and 15% of their perimeters respectively), whereas 
East Island has no visible outcrops. The mobility of 
the cays (Fig. 8), as determined largely from aerial 
photographs, appears to be related to the extent of the 
beach rock, with East Island the most mobile and West 
Island the least mobile over the past 35-year period. 

Sediment. Nearly all of the sediment at Ashmore 
Reef is biogenic, apart from a quantitatively 
unimportant amount transported into the reef complex 
anthropogenically or by wind and ocean currents. 
Spontaneous precipitation of CaCO, has also been 
observed on several occasions, usually coinciding with 
neap tides and high water temperatures. However, the 
quantity of aragonite needles typically produced by this 
authigenic precipitation are only present in low 
abundances, indicating that this process, whilst visually 
spectacular, is not a significant contributor to the 
sediment facies at Ashmore Reef. 


This study confirms Woodroffe’s (1984) 
observations that the intertidal sands are remarkably 
uniform, rounded, and medium to coarse grained. 
Observations and chemical analyses by Glenn (1997) 
indicate that the variation in sediment texture around 
the islands illustrates an active hydrological sorting 
regime where the sediment is continuously transported 
by tidal, wave and storm action. 

The island’s beaches are strewn with molluscs, 
encrusting algae, sponges, Halimeda, coral fragments 
(usually Acropora, Porites and Tubipora musica) in 
addition to wood, plastic and other anthropogenic 
debris usually of Indonesian origin. Wash-over deposits 
of pumice were first noted in Dodson (1967). X-ray 
Fluorescence analysis was carried out on pumice 
collected from behind northern beach at West Island in 
1996. The mineralogy of the pumice sample is similar 
to that of pumice from the Sunda Arc, indicating 
transport to Ashmore Reef by the south flowing surface 
ocean currents. 

XRD analysis indicates that the sand sheet and 
swash zone sands comprise 25% aragonite and 75% 
caleite, but the lagoonal sand, which is finer grained, 
is 70% aragonite and 30% calcite. The differences 
appear to be the result of hydraulic sorting. The liner 
lagoon sediments contain more aragonite from finely 
comminuted corals and Halimeda, while coarser sand 
sheets are higher in calcite mainly due to the presence 
ol robust foraminitera Schlumbergerella floresiana and 
to a lesser extent, Marginopora spp. 



Fig. 8. Changes in island morphology and profile since 1963. 
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Texture. The majority of the surficial sediment at 
Ashmore Reef is sand-sized (>0.0625 - <2.0 mm). The 
shallow reef environments comprise four different 
textural bodies: gravel, coarse to medium grained sand, 
medium to line grained sand, and poorly sorted sand. 
With the exception of the several exposed gravel units 
and the prograding sand sheet slope from the windward 
back reef into the West Lagoon, where poorly sorted 
sand and medium to fine-grained sand units occur, the 
West Lagoon is characterised by very fine sand to mud. 
The distributions of these textural bodies across the 
geomorphological environment model are illustrated in 
Figure 9. 

The gravel unit is found only on the reef crest, some 
of the blowouts in the leeward reef fiat, and one site in 
the lagoon; the sites with gravel in the reef fiat and 
lagoon all proximal to coral outcrops. The poorly sorted 
sand is not associated with any particular environment, 
but is found in sites in the reef fiat that are proximal to 
microatolls, and sites in the reef fiat and back reef that 
have denser seagrass cover. The remaining reef fiat and 


the majority of the back reef sites comprise the medium 
to coarse grained sand. 

The gravel sites are found proximal to corals and 
coralline algae, both of which commonly form gravel¬ 
sized grains when eroded. These sites also have 
relatively high hydraulic energy levels, which winnow 
out the finer sand and mud fractions, leaving the 
characteristic strongly fine skewed sand. 

The medium to coarse grained sand is present in all 
the reef flat and back reef sites where baffling features 
and the lack of the finer sediment attest to the higher 
hydrodynamic energy levels. Here, like the gravel sites, 
finer sediments have been transported into the lagoons 
or off the reef platform. 

The dominance of the fine sand to mud unit in West 
Lagoon is typical (Stoddart 1969; Millimanef al. 1974; 
Tucker and Wright 1990). Appraisal of the SEM image 
of the mud and very fine sand-sized sediments from 
the West Lagoon at Ashmore Reef (Fig. 10) shows that 
much of this sediment is poorly preserved, silt-sized 
skeletal material. This is in contrast to the mud- 
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dominated sediments found in other reefal systems, tor 
example the Florida and Bahaman reefs where the mud 
is dominantly aragonite needles, and has been attributed 
to the breakdown of Halimeda or authigenic 
precipitation (Bathurst 1971; Tucker and Wright 1990). 
This poor preservation of the fine sediment also 
contrasts with the preservation of the coarser, locally 
derived sediment, which is generally very well 
preserved. This indicates that the corrosion and 
abrasion causing the poor preservation may not be 
occurring in situ , and suggests that the fine-grained 
sediment is transported into West Lagoon from other 
environments. The poor preservation of the tine lagoon 
sediment is similar to the poor preservation of the 
sediment in the reef flat and back reef environments, 
indicating that the lagoon is a sink for the finer grained 
skeletal material which is largely absent from the 
adjacent shallow higher energy reef environments. 

Composition. The major contributors to surficia! 
sediment of Ashmore Reef in the 0.5-2 mm fraction 
are (in order of general decreasing abundance): 
Foraminifera, coral, Halimeda, coralline algae, and 
mollusc and echinoid debris. Bryozoans, grain 
aggregates, ostracods, Penicillis, and sponge and soft 
coral spicules are also found in varying but usually 
small abundances throughout the reef complex as 
illustrated in Figures 11a and lib. 

Three main associations are observed between the 
composition of the 0.5-2 mm sediment fraction, 
geomorphic environments and habitats at Ashmore Reef. 
Firstly, the sites with seagrass are generally associated 
with moderate to high abundances of foraminiferans and 
varying abundances of coral and Halimeda, depending 
on whether the site was proximal to coral or Halimeda 
growth. Secondly, the reef crests are associated with high 
abundances of coral and coralline algae; the leeward reef 
crest also with relatively high abundances of 
foraminiferans. Thirdly, the top 5 cm of the lagoonal 
sediments is characterised by low abundances of 


Fig. 10. SEM images of the lagoonal very fine sand (A, B) and 
mud fractions (C, D). Scale bars are all 0.1 mm with the exception 
of C (1mm). Note the extremely poor preservation of both 
fractions. 


foraminiferans and relatively high abundances of 
mollusc fragments and with high abundances of 
Halimeda or coral in the sites proximal to patch reefs. 

Foraminifera. The larger foraminiferal tests found 
in abundances over 10% at Ashmore Reel are listed in 
Table 3 and their distributions across the reef complex, 
along with the preservation grade of foraminiferal tests, 
are illustrated in Figure 11. Of these major taxa, 
Schlumbergerella floresiana, Calcarina spp., 
Amphistegina spp., Homotrema rubra and Neorotalia 
calcar are quantitatively the most important. Habitat or 
substrate associations of living foraminiferans were also 
noted, and are listed in Table 2 and selected species are 
presented on Plate 1. 

West Lagoon is characterised by very low 
abundances of the robust, larger foraminiferan 
Schlumbergerella floresiana and high abundances of 
Homotrema rubra in areas proximal to patch reefs. The 
reef crest is characterised by high to very high 
abundances of S. floresiana and low abundances of 
Calcarina spp. and Neorotalia calcar. The 
foraminiferan tests in the reef crest are also generally 
well preserved, having had relatively little abrasion and 
almost no evidence of corrosion. The reef flat 
environments are both characterised by relatively high 
abundances of N. calcar and Calcarina spp. and only 
moderate to low abundances of S. floresiana, although 
the leeward reef flat is more variable with other 
foraminiferan associations found in the coral pools. The 
back reef has similar foraminiferal abundances to the 
reef crest and reef flat, but the tests in this environment 
generally have much poorer preservation, with large 
amounts of corrosion and sometimes abrasion. By 
incorporating the preservation grade of foraminiferan 
tests into the foraminiferan facies, each of the reefal 
environments may be delimited, whereby using species 
abundances alone they would not (Fig. 12). This is due 
to the fact that poor preservation texturally separates 
the back reef environment from the other environments 
with similar foraminiferal test abundances. 


Table 3. Larger foraminiferal groups with abundances over 10% 
at Ashmore Reef and constituent species. 


Group 

Species 

Textularia kerimbaensis 

A mphisorus hemprichii 

Sorites orbiculus 

Archais cingitlata 

Calcarina spp. 

C. hispida, C. spengleri 

Baculogypsina spinosa 
Amphistegina spp. 

A. lobifera, A. lessonii 

Amphistegina radiata 

H eterostegina depressa 
Neorotalia calcar 
Schlumbergerella floresiana 
Homotrema rubra 
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Sediment Composition Distribution 



Windward Reef Margin 


Leeward Reef Margin 


Sediment Composition Distribution 



Windward Reef Margin 


Leeward Reef Margin 


Fig. 11. The distribution of sediment type abundances across transect I (A) and transect 2 (B) of the geomorphic environment model. For 
an explanation of stipple patterns used in the environment model refer to Fig. 7. 
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Relationship with geomorphology. The sedimentary 
and foraminiferal facies of Ashmore Reef show 
consistent depositional patterns that clearly define both 
the lagoon and reef crest environments. The lagoon 
sediments are characterised by strongly skewed, mud- 
dominated facies, with low abundances of 
foraminiferans and in some locations abundant coral 
or Halimeda plates. Coral fragments are abundant in 
areas adjacent to the source patch reefs and Halimeda 
plates are abundant in areas proximal to Halimeda 
growth. The lagoon is also characterised by very low 
abundances of the robust larger foraminifera 
Schlumbergerella floresiana and by very high 
foraminiferal abundances of Homotrema rubra in areas 
proximal to patch reefs. The distinctiveness of the reef 
crest and lagoon facies can be related to differences in 
hydraulic energy levels, with the reef crest having much 
higher hydraulic energy levels than the lagoon, which 
has the lowest energy levels in the reef complex. 

The reef fiat and back reef are poorly defined in 
terms of sedimentary facies and foraminiferal 
abundances, however they may be distinguished by 
incorporating test preservation into the foraminiferal 
facies (see Appendix). The effectiveness of preservation 
in defining the back reef from the reef flat environments 
appears to be related to the proximity to the source 
environment and the amount of endolithic (boring) 
algae, which although found in other environments, are 
most abundant in the back reef environment. Large 
amounts of sediment are produced in the reef fiat 
environment and the foraminiferans Neorotalia calcar 
and Catcarina hispida were identified as living in 
seagrass in this environment. However, the lack of 
sediment production in the back reef environment is 
indicated by the abundance of allochtonous (imported) 
sediment such as coral and Halimeda. No 
foraminiferans were identified as living in situ in the 
back reef environment, with the exception of several 
limited populations spatially associated with 
seagrasses. 

The leeward margin is more variable than the 
windward reef margin in terms of both composition and 
textual attributes. This is related to the increased variability 
of habitats (and therefore sources) and the lower wave 
energy, which results in less sediment mixing. 

Reef development model. As the sea level rose 
throughout the Holocene, antecedent topography that 
offered suitable substrate was often colonised by a new 
generation of reef-building corals (Yokoyama el al. 
2001; Lambeck et al. 2002) (Fig. 13). Whether a reef 
survives the rising sea level or not, is dependent on the 
rate of accretion (coral/algal growth) versus the rate of 
destruction (both physical and biological), and whether 
the reefal sediment is deposited in situ or transported 
elsewhere. 


Reefs have three characteristic responses to rising 
sea levels; catch up (to sea level), keep up, and give 
up. The catching up and keeping up phases produce 
juvenile reefs, that are characterised by columnar (e.g. 
Porites) and branching corals (e.g. Acropora) and very 
little detrital sediment accumulation. These reels grow 
rapidly towards the sea surface, attempting to stay 
within the photic zone where there is enough sunlight 
for the symbiotic algae (zooxanthellae) to 
photosynthesize and assist in the precipitation of 
calcium carbonate. The give up response occurs where 
the corals are not able to maintain their growth habit 
within the photic zone, the algal symbionts cannot 
utilise the sunlight, and they consequently die (Mather 
and Bennet 1978). 

Reefal character and morphology both give insight 
to the sea level changes (Fig. 13). Vertical reef growth 
indicates a transgressive (rising) sea level phase, as 
growth continues to catch up to the relative sea level 
maintaining its place within the photic zone. Corals in 
the high-energy intertidal zone keep up with sea level 
and form thick, algal-cemented caps that assist in 
binding the reef building corals. Lateral growth 
represents sea level still-stands, and sub-aerial erosional 
surface facies indicate sea level low stands. 

ASHMORE REEF DEVELOPMENT MODEL 

The Ashmore Reef model (Fig. 14) indicates an 
initial vertical growth phase between about 7.5 and 6.5 
thousand years ago (ka), with sub-tidal reef growth 
initially inheriting the antecedent topography, 
responding to a fast rising sea level, and catching up to 
the physical high energy oceanographic zone. The coral 
species that live at the reef front are exposed to 
significant wave energy; they tend to be robust, massive 
corals and solid framework branching species cemented 
together by coralline algae. 

Between about 6.5 and 4.5 ka there was a transitional 
growth phase where the reef was catching up to the 
slower rising sea level. Coral debris and calcareous 
algae from the intertidal zone are found deposited in 
the leeward side of the windward edge as the reef 
growth entered the high energy wave zone. From about 
4.5 ka to present is the lateral extension phase of the 
platform. As the reef front/crest reaches sea level, reef 
fiats become more pronounced, wider and therefore 
more productive as the range of habitat include areas 
suitable for digitate corals, calcareous algae (eg. 
Halimeda) and foraminiferans. The rate of infilling of 
the back reef by biogenic sand produced on the reef 
fiat increases as the reef flat increases in size. A series 
of mobile intertidal sand fiats begin to form, and the 
lagoons start to infill, covering the corals as evidenced 
in Core 11 (Table 4). 
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Foraminiferal Facies 




Windward Reef Margin Leeward Reef Margin 



Windward Reef Margin 


Leeward Reef Margin 


Fig. 12. The distribution of foraminiferan test abundances and test preservation across transect 1 (A) and transect 2 (B) of the geomorphic 
environment model. For an explanation of stipple patterns used in the environment model refer to Fig. 7. 
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Time (x 1000 calibrated years BP) 

Fig. 13. Regional sea level change from the last glacial maximum 
modified from Lambeck et al. (2002) and Yokoyama el at. (2001). 

The carbon-14 age of the surface sediments (core 
4t, 9t and lit) indicates the extent of recycling of 
sediments over the platform and especially within the 
lagoon. The dates infer a change from coral to 
foraminiferan sand deposition at 1700 to 2000 years 
ago as the rapidly prograding reef flat-derived 
foraminiferans become the major sediment component. 

The lagoonal infilling occurred where the subtidal 
massive and branching corals enclosed the reef, 
creating a lower energy, baffled environment conducive 
to sediment deposition and retention. Broken corals and 
sediment derived from the intertidal areas start to infill 
the lagoonal area. As the sea level stabilises, facies 
change, and higher rates of sediment production are 
experienced on the reef crest and the growing reef Hat. 
The reef flat now covers the branching corals (Core 
11) and broken coral debris (Cores 4 and 9), and the 
facies change as the prograding sand sheet covers 
previously deposited larger coral debris material and 
extends into the lagoon. 

CONCLUSIONS 

Ashmore Reef is the largest emergent reef in the 
region, located at the confluence of the Indian and 
Pacific Oceans. This reef is sedimentologically mature, 
and is characterised by a diverse range of habitats 



Lateral Growth Phase 



Fig. 14. The Holocene model for Ashmore Reef. Vertical 
exaggeration, x240 (all ages are calibrated BP). 


giving rise to the highest biodiversity of all bioherms 
in the region and a high biological productivity. The 
sedimentary facies found at Ashmore Reef result from 
prevailing oceanography and the coral/algal growth 
responses during the past 8 ka sea level rise as reef 
growth re-established over the antecedent relatively 
tectonically stable topography. 

Aerial photographs and Landsat TM images assisted 
in identifying eight major geomorphologic zones of the 
reef including the reef front, the reef crest, the reef fiat, 
intertidal sand and shingle sheets, sub-tidal sands, two 
lagoons and the three mobile vegetated islands. This 
will serve as a basis for ongoing monitoring of 
environmental change. 


Table 4. Carbon 14 dates (calibrated before present) of the vibrocores taken on the Ashmore Reef prograding sand sheet (t = top, b = 
bottom of core, sed rate is the sedimentation rate per year at this location. 


Core # 

ANU # 

Depth 

Location 

C14 Age 

Error 

Sed rate 

Remarks 

4t 

10668 

0.0 

12° 15’ 91 S 123° 04’ 04 E 

1980 

80 


Foraminiferan sand 

4b 

10392 

0.8 

“ 

2030 

70 


“ 

4at 

10391 

0.0 

“ 

1760 

70 



4ab 

10699 

0.8 

“ 

2020 

70 

0.31 

“ 

9t 

10398 

0.0 

12° 15’ 08 S 123° 05’ 95 E 

970 

70 


“ 

lit 

10670 

0.0 

12° 14’ 61 S 123° 05’ 49 E 

1300 

70 


“ 

lib 

10667 

2.4 

“ 

1630 

70 

0.52 


lib 

10399 

2.4 

“ 

1760 

70 

0.73 

Coral in life position 
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Sediments, mainly foraminiferan sands, molluscan 
shells, coralline algae and broken corals are produced 
on the reef front, reef crest and reef flats and are washed 
into the lagoon by wind-driven surface currents and 
waves. Here, the baffling effects of the corals and the 
relatively quiet lagoonal environment, provides an 
effective depositional setting. A study of 157 surficial 
samples showed a range of morphologically similar 
benthic foraminiferans in the sediments. Many are 
fragmented and abraded, though some are well 
preserved; their shape and test architecture well suited 
to the high energy conditions. SEM study of the fine 
lagoonal sediments indicate that the lagoon is acting 
as a sink for the fine sediments generally found to be 
absent in the adjacent shallow reef environments. 

West Lagoon is characterised by very low 
abundances of the robust larger foraminiferan 
Schlumbetgerella floresiana and high abundances of 
Homotrema rubra in areas proximal to patch reefs. The 
reef crests are also characterised by high to very high 
abundances of S. floresiana and low abundances of 
Calcarina spp. and Neorotalia calcar. The reef crests 
are characterised by very coarse sands or gravels with 
strongly fine skewness, with abundant coral and 
coralline algae in the windward reef crest and 
foraminiferans, coral and coralline algae in the leeward 
reef crest. The lagoonal sediments are strongly coarse 
skewed, very fine sand and mud, with low abundances 
of foraminiferans and very high abundances of either 
coral or Halimeda. Overridingly, habitat, hydrodynamic 
energy levels, and proximity to sediment source, control 
the distribution and content of the sedimentary facies. 
Only West Lagoon and reef crest environments are 
clearly defined by sediment texture, composition and 
foraminiferan abundances. However, by incorporating 
foraminiferan test preservation, the back reef and reef 
flats are able to be defined due to the poor preservation. 

The reef geomorphology indicates a series of facies 
changes in response to the rate and timing of the relative 
sea level rise during the past 8 ka. Robust coral columns 
kept up with the sea level rise, as sea level stabilised 
~2 ka years ago, a reef crest algal rim developed with a 
coral talus slope behind the reef front. Presently an 
extensive reef flat is laterally prograding into the 
lagoons, and carbon-14 dating indicates that the 
lagoonal infill rate is significant, ranging from 0.03 to 
0.73 cm/y. The facies change from coral to sand sheet 
behind the reef fiat was dated between about 1.7 and 2 
ka, soon after sea level stabilised. 
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APPENDIX 


Preservation grades used to determine foraminiferan test 
preservation in Figs 11A and B. Mwp = moderate to well preserved. 
Pp = poorly preserved. 


Preservation 

Grade 

Characteristics 

1 (Best) 

Protoplasmic colouration still 
present in larger Foraminifera, most 
tests whole and showing little sign 
of abrasion. 

mwp 2 

Protoplasmic colouration absent in 
the majority of Foraminifera, some 
tests abraded or corroded. 

3 

Protoplasmic colouration absent, 
most tests abraded or corroded. 

PP 4 

Protoplasmic colouration absent, 
majority of tests abraded and 
corroded or badly abraded. 

5 (Poorest) 

Protoplasmic colouration absent, 
generally all tests badly corroded 
and abraded. 
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nwi: 

22, Calcarine spenglcri (Gmelin); 23,24, Baculogypsim spinosa (Brady). Scale - 0.1mm. 
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Natural hydrocarbon seepage, sub-seafloor geology and eustatic sea-level 
variations as key determiners of the nature and distribution of carbonate build¬ 
ups and other benthic habitats in the Timor Sea, Australia 
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ABSTRACT 

The Ashmore Platform - Timor Sea region of Australia’s North-West Shelf is an area of significant petroleum 
exploration potential, with several large, commercial oil fields present. Moreover, exploration activity seems likely 
to continue at current levels for the foreseeable future, and may also extend into deeper water, given the combination 
of high oil prices and improved drilling technologies. The area is also one ofhigh conservation value, with both the 
Cartier Marine Reserve and Ashmore Reef (1UCN Category la Strict Nature Reserves), as well as numerous other 
genetically-rich carbonate "seed” bank systems, closely associated spatially with exploration activities. Balancing 
the conservation and resource values in this area will present a key challenge into the future. 

At a regional scale, the collision between the Australian and Eurasian crustal plates in the Pliocene (<5 MaBP) 
induced the formation of the Timor Trough. The rapid subsidence associated with the formation of the trough 
provided a range of ideal habitats within which rapidly growing carbonate communities could effectively “out- 
compete” other types of sediment deposition/accumulation processes on the continental shelf. Moreover, this trough 
focussed the location of what would become the Indonesian Through Flow (1TF). The conjunction of the ITF with 
the Indian Ocean ultimately provided a range of diverse genetic opportunities, a situation that reinforced the favourable 
growth conditions created by the rapid subsidence. As a result of these processes, reefal growth in the Timor Sea 
took place almost exclusively over the last five million years, with most occurring over the last three million years or 
so. 


At a local scale, new data also strongly suggest that the locations of the majority of reefs and carbonate banks and 
build-ups in the area are associated with active and palaeo-hydrocarbon seeps. These seeps are localised over either 
fault systems which tap the reservoir, along migration fairways, or at the pinch-out of the regional Cretaceous top 
seal. Our interpretations suggest that the reefs and the build-ups formed via a sequential process. Firstly, hydrocarbon 
seepage induced by collision-related faulting localised small sea-floor biological carbonate communities (chemo- 
lithotrophic), which ultimately formed topographically positive features. These higher relief features were 
subsequently preferentially colonised by reef-building biota, whose rapid growth progressively kept up with rising 
sea-level (which was driven principally by collision-related subsidence). The most favourable conditions for initial 
reef colonisation probably occurred during periods of relatively low sea-level, when the areas around the reefs were 
located at much shallower water depths (<40 m) than today, and ample sunlight reached the sea-floor. 

Clearly, the fact that the genetically rich carbonate communities in this area are probably causally related to natural 
hydrocarbon seepage (and the attendant processes which drove that seepage) will present a series of almost unique 
exploration, development (especially engineering) and conservation challenges. 

Keywords: Ashmore Platform, Tmor Sea, hydrocarbon seepage, sub-sea floor geology. 
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INTRODUCTION 

Over the last decade, a series of investigations 
(O’Brien and Woods 1995; O'Brien el at. 1998a, b, 
2000) has revealed that the Bonaparte Basin and the 
northern Browse Basin, which are located in the Timor 
Sea, north-western Australia (Fig. 1), are areas of 
widespread and intense palaeo- and present-day 
hydrocarbon seepage, and attendant trap breach. In the 
Bonaparte Basin, fault seal failure is the principal factor 
controlling leakage, whereas hydrocarbon seepage in 
the northern Browse Basin, particularly on the Yampi 
Shelf (O’Brien etal. 1998a, 2000), is mostly associated 
with progressive top seal failure towards the basin 
margin. 

Previous investigations in this region have focused 
on the petroleum exploration implications of this 
leakage and seepage. In contrast, in this study, several 
types of hydrocarbon seepage and supporting data have 
been used to investigate spatial and possible causal 
relationships that exist between the distribution and type 
of seeps, the regional geology and geological history, 
and the formation of tropical carbonate banks and reefs 
in this area. 


Five distinct areas have been studied (Fig. 1). These 
are: 

1. The Yampi Shelf, near the Cornea and 
Londonderry exploration wells. This is an area 
of intense gas and oil seepage (O'Brien et at. 
2000 ); 

2. The Fleywood Shoals, on which the Hey wood-1 
exploration well was drilled. This is an area of 
significant oil seepage; 

3. The Sahul Shoals, an area with modest oil 
seepage; 

4. The Karmt Shoals, an area of intense oil seepage; 

5. The Buller Bank, which lies over the Buffalo oil 
field. 

In this study. Synthetic Aperture Radar (SAR) data 
were acquired and interpreted over the entire region to 
map oil slicks. SAR coverage was typically double, 
though in some areas coverage was five-fold (O’Brien 
el al. 2001). These SAR data were complemented by 
regional 2D and 3D seismic data, as well as side-scan 
sonar and water column geochemical sniffer data in some 
areas. 

These data have been used to investigate the premise 
that the formation and distribution of carbonate reefs 



Fig. 1. Bathymetry of the Timor Sea, showing areas investigated. 
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and banks in this area is causally related to hydrocarbon 
seepage. 

Regional geology and oceanography. The large- 
scale structural architecture, geomorphology and Neogene 
fault reactivation history of the Bonaparte Basin have all 
been controlled closely by the collision of the Australian 
and Eurasian Plates. At a regional scale, this collision 
induced rapid Pliocene down-warping and flexing of the 
crust within the outer Bonaparte Basin. The flexural 
stresses in turn drove much of the extensional fault 
reactivation which resulted in partial to complete trap 
breach, and attendant seepage, in the area (O'Brien et 
al. 1996, 1999). Ultimately, the collision resulted in the 
formation of the Timor Trough, which is of a major 
foreland basin system. This trough was produced in the 
Pliocene via the uplift of a major marginal plateau system 
which was then located along the extreme north-eastern 
flank of the Bonaparte Basin (and the attendant down¬ 
warping of the thinned crust located between the marginal 
plateau and the inboard Bonaparte Basin). This palaeo- 
marginal plateau system comprised a significant part of 
what is now the island of Timor. The relationship of this 
palaeo-marginal plateau to the inboard Bonaparte Basin 
was probably similar to that presently seen between the 
Exmouth Plateau and the inboard Carnarvon Basin in the 
southern North-West Shelf. The collision in the Bonaparte 
Basin characteristically resulted in rapid Pliocene 
subsidence and deposition at both localised and regional 
scales. Pliocene depocentres formed at this time include 
the Cartier and Nancar Troughs. 


The formation of the Timor Trough (Figs 1,2) helped 
to focus part of the flow of what would become the 
Indonesian Through Flow (ITF), an important 
oceanographic feature (Chong et al. 2000) which now 
brings hot. relatively low salinity water from the Western 
Pacific Warm Pool through the Indonesian Archipelago 
southwards, where it mixes with Indian Ocean water. The 
ITF is considered an important control on the heat budget 
of the Indian Ocean (Jean-Baptisle et al. 1997), and some 
estimates put the proportion of the ITF which flows 
through the Timor Trough at higher than 50% (Molcard 
et al. 1994). From a biological viewpoint, the entry of 
the hot waters of the ITF, the tropical setting of the 
Bonaparte Basin and the rapid Pliocene subsidence all 
combined to provide an extremely favourable suite of 
environments for the growth of carbonate bank and reef 
communities. The presence of abundant hydrocarbon 
seepage, which in other areas has been linked to carbonate 
formation elsewhere (Hovland et al. 1987, 1994; Roberts 
etal. 1987, 1989a-c), provides another factor to consider 
in relation to bank and reef development in this region. 

The deep-water channel which now constitutes the 
Timor Trough was probably particularly critical during 
times of low sea level, when most of the Bonaparte 
Basin would have been sub-aerially exposed. This can 
be seen on Figure 3a-d, which shows the approximate 
geomorphology of the region for times when sea-level 
ranged from present day (Fig. 3a), to 55, 100 and 120 
m below present day sea-level. These images were 
generated by computer in ER-Mapper using Geoscience 



14/OA/1356 


Fig. 2. Oblique view (looking north-east) of the bathymetry of the Timor Sea. 
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Australia’s digital terrain model for the region. The 
120 m image (Fig. 3d) roughly corresponds to how the 
region would have looked at the time of maximum 
lowering of sea level, approximately 18 000 years ago. 
Clearly, many of the important carbonate reefs and 
banks in this area, such as Ashmore Reef, Cartier Reel 
and Hibernia Reef, were all either sub-aerially 
exposed, or located very close to the coastline, at this 
time. A comparison between Figure 3a (present day) 
and Figure 3d emphasises just how much the 
geomorphology of this region has been affected by sea- 
level change in the Quaternary. 

RESULTS 

Ages of reefs in the Timor Sea. A significant 
unknown within the Bonaparte Basin is the age of the 
carbonate banks and reefs of the region, and how the 


timing of the initiation of bank and reef development 
relate to tectonism and trap breach during the Neogene. 
The best indications of the ages of carbonate banks 
and reefs in the region come from 3D seismic data (Fig. 
4a-c). In this paper, we have used interpretations 
derived from the Buller 3D Survey in the northern 
Bonaparte Basin. These images effectively represent 
“slices” through the 3D seismic data volume, and 
broadly correspond to surfaces at the present day 
(Fig. 4a), the Mid-Pliocene (Fig. 4b) and the Late 
Miocene (Fig. 4c) horizons. These slices suggest that 
the banks and reefs in the Bonaparte Basin were 
essentially absent in the Miocene (Fig. 4c), but were 
present in the Pliocene (Fig. 4b). These data suggest 
that the timing of the onset of reef growth in this region 
broadly coincided with both the timing of Pliocene 
subsidence and trap breach. 


Fig. 3. Pseudo-bathymetry of the Timor Sea for varying sea-levels: a, present day: b, minus 55 m; c, minus 100 m; d, minus 120 m. 
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Hydrocarbon seepage and carbonate reef and 
bank formation. 

Yampi Shelf, Browse Basin. The northern Yampi 
Shelf is an area of significant oil and gas seepage 
(O’Brien et al. 1998a, 2000, 2001). There is strong 
spatial compartmentalisation of the oil and the gas 



Fig. 4. Slices through the Buller 3D Survey seismic data: 
a, present day sea-floor; b, approximately Mid-Pliocene; 
e, approximately Late Miocene. 


seepage (Figs 5 and 6). This is probably due to the 
combined effects of separate oil (Early Cretaceous) and 
gas (Palaeozoic?) sources, the progressive failure of the 
top-seal margin-wards, and differences in the relative 
permeability of oil and gas (O’Brien et al. 2000). 

The gas leaks prolifically inboard from the Cornea 
trend, whereas the oil seepage, mapped by the SAR slicks, 
is focussed at the basin margin, along the approximate 
edge of the regional seal (Fig. 5). Comparison between 
the measured methane concentration in the water column 
and the extracted sea-floor seismic amplitude through the 
region of dry gas seeping at high rates revealed an almost 
one-to-one relationship, apparently because of enhanced, 



Fig. 5. Oil (via SAR) and gas (bottom water methane via sniffer) seepage on the Yampi Shelf, overlain on bathymetry. Position of 
seismic line 165-09 indicated. 
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seep-related carbonate cementation at, or near, the sea¬ 
floor. Sediment samples through this area of gas seepage 
show molecular evidence for the presence of both aerobic 
and anaerobic methane oxidising microbial communities. 
Aerobic processes are signified by the presence of 
diagnostic hopanoids, while newly anaerobic methane 
oxidising consortia are revealed through their gylcerol 
ether signature lipids (R. Summons pers. comm. 2001). 
No macro-seep communities were detected through the 
areas of intense gas seepage, though a series of prominent 
sea-floor pockmarks were identified. The locations of both 
the pockmarks and the massive gas seepage could be 
directly linked via the 3D seismic data to areas of thin, 
poor quality seal. 

A side-scan sonar investigation of the zone (using RV 
Franklin) of most intense oil seepage on the far inboard 
part of Geoscience Australia seismic line 
165-09 (Fig. 6) revealed the presence of metres-high 
build-ups on the sea-floor (Fig. 7). These features were 
concentrated around the region with a high density of 
mapped oil slicks but were absent elsewhere. Whilst these 
build-ups have not yet been sampled successfully, the most 
plausible explanation is that they represent biological 
communities living on the seeping hydrocarbons. Some 
topographically negative pockmarks were also present. 


Heywood Shoals, Browse Basin. The SAR data 
acquired over the Heywood Shoals (Fig. 8) suggest that 
the shoals are leaking liquid hydrocarbons prolifically. 
In contrast, slicks occur at only low densities further 
away from the shoals - the Heywood Shoals are 
effectively a “bulls-eye’' with respect to the presence of 
oil slicks. This observation is supported by recent fluid 
inclusion investigations of the Heywood-1 exploration 
well (M. Brincat pers. comm. 2002) which demonstrate 
that this structure previously contained a hydrocarbon 
column that later leaked. Seismic data through the shoals 
(Fig. 9) show that the shoals are located directly over a 
major basin margin fault system. The seismic and SAR 
data, when combined with the observation that numerous 
hydrocarbon shows were encountered in the Heywood- 
1 exploration well, and the fact that a palaeo-oil column 
was present in the structure, suggest that these shoals 
may be causally related to hydrocarbon seepage. 

Sahul Shoals, Ashmore Platform. Numerous SAR 
slicks were detected around the carbonate banks which 
constitute the Sahul Shoals (Fig. 10). These slicks were 
preferentially distributed around the edges of the banks, 
perhaps suggesting that the cores of the banks are 
presently relatively impermeable to liquid hydrocarbons 
migrating from depth. 



Methane in 
bottom waters 


SAR oil slicks at 
edge of seal 


NW 


Line 165-09 


Seafloor amplitude anomaly 


Fig. 6. AGSO seismic line 165-09, showing offset of gas (bottom water methane) and oil (via SAR) seepage. Oil seeps are located 
principally at edge of seal. 
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No commercially viable hydrocarbon accumulations 
have yet been discovered around the Sahul Shoals, and 
in general the number of hydrocarbon “shows” (i.e. small 
traces of hydrocarbons) detected in exploration wells 
in this area has also been sparse. These observations 
suggest that the amount of hydrocarbons seeping to the 
sea floor around the Sahul Shoals is probably quite 
small. Nevertheless, a close spatial relationship seems 
to exist between the seeping hydrocarbons and the 
carbonate build-ups. 

Karmt Shoals, Nancar Trough. Numerous, dense 
clusters of SAR slicks were detected around the 
carbonate banks which constitute the Karmt Shoals 
(Fig. 11a, b). As in the case of the Sahul Shoals, these 
slicks were preferentially located around the edges of 
the banks, and were generally absent from their centres. 

The SAR observations are consistent with the 
interpretations of Bishop and O’Brien (1998), who 
presented both seismic and Airborne Laser Fluorosensor 
(ALF) evidence for seepage in the region. Bishop and 
O’Brien (1998) also reported the presence of widely 
distributed thermogenic hydrocarbons within the off- 
bank sediments in this area. More recent work on 
sediment samples around the Karmt Shoals (Edwards 
and Hulskamp 1998) has also shown elevated 
concentrations of liquid hydrocarbons, which they noted 
were broadly similar to the oil found in the Corallina 
oil field, located about 50 km to the north of the Karmt 
Shoals. 

Fig. 7. Side-scan sonar record of sea-floor through region of oil 
seepage at end of line 165-09 (see Figs 5 and 6). 




Fig. 8. Oil slicks (via SAR data) over Heywood Shoals, with location of seismic line (Figure 9) indicated. Locations of sea-floor build¬ 
ups seen in Figure 7 indicated. 
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SAR oil slicks over and 
around Heywood Shoals 



Fig. 9. AG SO seismic line showing that Heywood Shoals are located over major basin margin fault system. 


O’Brien et al. (2001) proposed that the numerous 
SAR slicks (Fig. 11a, b) present in, and around, the 
Karmt Shoals were due to a combination of low fault 
seal capacity in the Nancar Trough, and vigorous 
secondary and tertiary (i.e. leakage from charged 
accumulations) hydrocarbon migration processes. These 
workers proposed that significant Pliocene subsidence 
within the Nancar Trough had probably re-invigorated 
the petroleum system in the region. 

Buller Bank, Bonaparte Basin. A major carbonate 
bank, the Buller Bank, is located over the commercial 
Buller oil field (Fig. 12). In contrast to the strong 
evidence for seepage seen around the carbonate banks 
within the Karmt Shoals, no SAR slicks were detected 
over the Buller structure or specifically around Buller 
Bank. Nevertheless, an obvious spatial correlation 
exists between the commercial oil field and the large 
carbonate bank. 


DISCUSSION: A MODEL FOR HYDROCARBON 
SEEPAGE AND CARBONATE REEF AND BANK 
DEVELOPMENT 

The data presented in this paper suggest that a strong 
spatial, and probably causal, relationship exists between 
the location of hydrocarbon seeps in the Timor Sea and 
the presence (or absence) of carbonate banks and reefs. 
The key linking feature between a wide range of 
features, from small, sea-floor build-ups, to isolated 
carbonate shoals such as Heywood Shoals, to large 
clusters of banks such the Karmt Shoals, is that they 
are all associated with modern seeps. Where seeps are 
absent, so (generally) is the evidence for significant 
contemporary carbonate bank formation. 

Seeps and carbonate bank development. From our 
observations, the following simple, three-stage model 
is proposed. This model proposes that the reefs and the 
build-ups in the region formed via a relatively simple, 
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sequential process (Fig. 13). It grossly understates what 
in reality are undoubtedly very complex systems. 

The model is as follows: Firstly, an active petroleum 
system was established involving the formation of 
charged traps (Fig. 13a) and active hydrocarbon 
migration fairways. 

Subsequently, in the Neogene, collision-related 
faulting induced hydrocarbon seepage above charged 
hydrocarbon accumulations (Fig. 13b) or migration 
fairways. As a result, small, localised sea-floor bacterial 
and (chemo-synthetic) biological carbonate 
communities developed, and used the hydrocarbons as 
a food source. These communities eventually formed 
significant topographic features. Higher relief features 
were subsequently preferentially colonised by an 
assortment of reef- and bank-building biota. 




It is probable that initial reef colonisation occurred 
preferentially during periods of relatively low sea level, 
when the areas around the reefs were located at much 
shallower water depths (perhaps less than 40 m) than 
today, and the sea floor was well within the photic zone. 

Rapid growth of the bank systems was facilitated by 
rising sea level, which was in turn principally induced by 
collision-related subsidence (Fig. 13c). The ability of the 
localised banks to keep pace with the rapid Pliocene 
subsidence resulted in the development of apparently 



3rd rank SAR slick Karmt Shoals - Intense slick development 


W, 

0) 

1 


Fig. 11 . SAR slicks (blue) around Karmt Shoals: a, - map view showing distribution around banks; b, = seismic line through shoals, 
location of line indicated on Fig. 11a. 
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Fig. 12. Carbonate bank (Buller Bank) located over Buffalo oil field. 


isolated banks (Fig. 13c) which were surrounded by much 
deeper water (in some cases up to 400 m). 

Changing atmospheric inputs of seeps during 
glacial-interglacial cycles. An interesting observation 
derived from the present study is that the vast majority 
(probably greater than 90%) of the hydrocarbon seeps 
in the Timor Sea, both in terms of abundance and 
hydrocarbon output, occur in relatively shallow 
(<120 m) water depths. This is clear from an 
examination of Figure 3d, which approximates the 
physiography of the region when sea-level was 120 m 
less than it is now - similar to that at the last glacial 
maximum (-125 m below present day in this region). 
Consequently, most of the seeps in the Timor Sea region 
would have been sub-aerially exposed during the last 
glacial maximum (LGM), approximately 18 000 years 
ago, and would have been exposed regularly throughout 
the Quaternary. 

An important outcome of this is that the hydrocarbon 
input to the atmosphere from the seeps in the Timor 
Sea during the LGM would certainly have been much 
greater than that at present. This is the result of two 
processes. 

Firstly, the seeps would have been venting 
hydrocarbons directly into the atmosphere, rather than 


into the water column on the sea-floor. A large 
percentage of the hydrocarbons w'hich seep from the 
sea-floor into the water column are either dissolved, or 
trapped beneath the thermocline, or are consumed by 
bacteria during their residence time within the water. 
As such, a significantly lower percentage of 
hydrocarbons reaches the atmosphere than is vented at 
the sea-floor. In contrast, when seepage is sub-aerial, 
almost all of the seeping hydrocarbons reach the 
atmosphere. 

Secondly, another factor favouring greater 
hydrocarbon inputs to the atmosphere during the LGM 
would have been the reduction (by about 13.79 bar) of 
the hydrostatic head over the seeps, which resulted from 
the "unloading” of approximately 125 m of seawater 
above them. This reduction in hydrostatic head, of itself, 
would have been sufficient to increase the flux of 
hydrocarbons emanating from the seeps. 

These proposals for higher hydrocarbon fluxes into 
the atmosphere during the LGM are apparently at odds 
with the proposed concentrations of hydrocarbons 
during that period. For example, atmospheric levels of 
methane were about 350-400 ppb during the LGM, 
compared with 700 ppb for pre-industrial Holocene 
period and about 1700 ppb (Etheridge el al. 1998; 
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Fig. 13. Three-stage schematic model for seepage-related 
carbonate bank and reef formation in the Timor Sea. A, Active 
petroleum system established; B, Fault reactivation induces 
hydrocarbon seepage; C. Rapid reef formation. 

Francey et al. 1999; D. Etheridge pers. comm. 2002). It 
is proposed that the glacial atmospheric concentrations 
of methane were lower because of the reduced extent 
and productivity of wetlands, which are assumed to be 
the main natural source (D. Etheridge pers. comm. 
2002). It is nevertheless tempting to propose that the 
exposure of hydrocarbon seeps during glacial low- 
stands, with the attendant inciease in 
hydrocarbon-related (especially methane) greenhouse 
gas input to the atmosphere, might have eventually 
contributed to the “flipping oi the climate system back 
to a warmer, inter-glacial status. 

SUMMARY 

The observations presented in this paper indicate that 
an intimate association exists between the evolution ol 
the petroleum systems in the Timor Sea and the 
development of key biological systems, and biological 
diversity, in the region. The fact that the genetically- 


rich carbonate communities in this area are probably 
causally related to natural hydrocarbon seepage, and to 
the attendant processes which drove that seepage, will 
present a series of almost unique exploration and 
development (especially engineering) and conservation 
challenges in this important region. Determining how 
applicable the approaches taken and processes 
documented in the Timor Sea region are to other 
continental margins, both in Australia and overseas, 
provides a clear future research direction. 
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ABSTRACT 

Biogeographical relationships of corals, fish and molluscs on reefs off north-western Australia are compared with 
the north-western Australian continental coast, the eastern Indian Ocean, and the coral triangle. Diversity is moderate 
on the offshore reefs. It was similar to, or lower than, along the continental mainland and higher than on Christmas 
Island and the Cocos (Keeling) Islands in the Indian Ocean. Diversity in the coral triangle was significantly greater 
for all three groups of animals. Diversity tended to be greatest at Ashmore Reef, intermediate at Scott Reef, and least 
at Rowley Shoals. Diversity on the offshore reefs is reduced by the inability of planktonic larvae of some species to 
reach the offshore reefs from Indonesia. A second reason for reduced diversity on the offshore reefs is the lack of 
habitat diversity. There is a considerable difference between the fauna which occurs along the continental shoreline 
and that present on the offshore reels. A substantial proportion ol species recorded on the reels were new recoids foi 
north-western Australia. The community composition is also different; many species that are rare along the continental 
shoreline are abundant on the offshore reefs. No Indian Ocean species were found on the reefs. 


Keywords: marine biogeography, north-western Australia, Ashmore Reef, Scott Reef, Rowley Shoals, corals, fish, molluscs. 


INTRODUCTION 

Coral reefs constitute one of the most diverse shallow 
water ecosystems in the world. In addition to supporting 
a high biological diversity, the reefs are extensive, 
bordering one-sixth of the world's coastlines (Birkeland 
1997). There are no accurate estimates of the number 
of species inhabiting coral reefs, or even the actual 
number of species recorded from reefs. For example, 
Reaka-Kudla (1997) recently estimated that 93,000 
species of plants and animals have been described from 
coral reefs, and estimated the real total may be an order 
of magnitude higher. The importance of reefs to 
biodiversity is amply illustrated by the fact that 30% ol 
all marine fish occur on coral reefs (McAllister et al. 
1994; Nelson 1994). 

The biota of coral reefs is richest in the vast Indo- 
West Pacific. This area of the tropical Indian and Pacific 
Oceans includes over 6.5 million square kilometres ol 
shallow-water shelf habitat. Coral reefs in this area are 
incredibly speciose, with a species diversity which 
exceeds the combined total of the other three tropical 
regions (eastern Pacific, western Atlantic and eastern 
Atlantic) (Briggs 1999). Within the Indo-Pacific Ocean, 
diversity is greatest in the “coral triangle” which 
encompasses the area between the Philippines, 
Indonesia and New Guinea. The coastline of northern 
Australia is outside the area of highest diversity (Wilson 


and Allen 1987), and is generally considered to have a 
less diverse biota. Working on prosobranch gastropods, 
Wells (1986) argued that the perception of a lower 
diversity might be a result ol a lack of collecting in 
north-western Australia, particularly on the offshore 
reefs. 

While the Great Barrier Reef has attracted the 
attention of marine scientists from around the world 
for decades, until recently the marine biota of the north¬ 
western shores of the continent was relatively poorly 
known. Prior to 1960, only limited collecting was 
undertaken along the north coast of Western Australia. 
In the early 1960s the Western Australian Museum 
(WAM) commenced collecting in the northern areas of 
the state. The initial focus was on relatively more 
accessible areas of the continental coastline and islands 
on the inner continental shelf. 

In the mid 1970s isolated expeditions were mounted 
to the offshore reefs, particularly the Rowley Shoals, 
by private shell collectors. Dr J.B. Hutchins of the WAM 
was able to briefly visit Rowley Shoals in 1974. In 1978 
Dr B.R. Wilson of the Museum worked al Seringapatam 
Atoll (Wilson 1985). Although the material available 
from these sources was very limited, it indicated that 
the offshore reefs have a fauna which differs 
significantly from that found along the continental 
mainland. Many of the species collected were new 
records for Western Australia, or even for Australia. 
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To explore the fauna of the offshore reefs, the WAM 
undertook three major expeditions in the 1980s; Rowley 
Shoals (1982), Scott Reef and the nearby Seringapatam 
Reef (1984), and Ashmore Reef and Cartier Island 
(1986) (Fig. 1). Survey reports on the fauna collected 
were subsequently published by the Museum and 
included details of all of the groups collected (Berry 
1986, 1993). Major groups studied were corals, other 
cnidarians, fishes, molluscs, echinoderms, and decapod 
crustaceans. A separate paper was prepared which 
compared the molluscs of the offshore reefs with those 
of the continental shoreline (Wells 1986). Data from 
the offshore reefs were also used in a comparison of 
distributions of marine molluscs in Indonesia, Papua 
New Guinea and northern Australia (Wells 1990). 
Hutchins el al. (1995) reported additional data on fish 
present at Rowley Shoals and Scott Reef. Wells and 
Bryce (2000) updated the information on molluscs of 
the offshore reefs with the results of three trips made by 
shell collectors during the 1990s. The Northern Territory 
Museum also undertook surveys at Ashmore Reef, 
Hibernia Reef and Cartier Island (Russell and Vail 1988; 
Russell and Hanley 1993). 

WAM surveys of Christmas Island (Berry and Wells 
2000) and Cocos (Keeling) Islands (Woodroffe 1994) 


provide comparative data on species diversity in the open 
Indian Ocean. 

In 1997 Conservation International (Washington, 
D.C., USA) commenced a long-term program of 
documenting biodiversity and endemism of fauna on 
selected reefs in the coral triangle to obtain data for 
conservation purposes (Werner and Allen 1998; Allen 
et al. 2001; McKenna et al. 2002; Roberts el al. 2002; 
Allen et al. 2003). Analysis of two groups was essential 
for the Conservation International study. Corals clearly 
must be included as they form the basis of the reefs and 
much of the habitat diversity. Fish have a very high 
diversity, are taxonomically well known, and are 
ecologically and economically important (Hawkins et 
al. 2000). However, there are many other phyla on coral 
reefs in addition to corals and fish. Many of these are 
cryptic, not easily collected, and are poorly known 
taxonomically. These features prevent a realistic 
inventory of them being undertaken in a short survey. 
Molluscs are the most diverse phylum in the marine 
environment, with an estimated 60% of all invertebrate 
species (Gosliner et al. 1996). Briggs (1995) estimates 
there are 6000 species of shallow water molluscs, 
compared to 800 species for echinoderms and 500 for 
hermatypic corals. In addition, molluscs are relatively 
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well known taxonomically and are ecologically and 
economically important. Incorporation of molluscs into 
coral reef surveys provided Conservation International 
with a highly diverse third group with which to balance 
data obtained from corals and fish. Five expeditions have 
been made as part of the Conservation International 
program: Milne Bay, Papua New Guinea (1997); 
Calamian Islands, Philippines (1998); Togean and 
Banggai Islands, Indonesia (1998); a second trip to 
Milne Bay in 2000; and the Raja Ampat Islands, off the 
western end of Irian Jaya, in 2001. 

The dataset gathered over the last 20 years on corals, 
fishes and molluscs by a consistent group of people 
collecting in relatively similar ways provides an 
opportunity for assessing the relative marine biodiversity 
of the offshore reefs on the North-West Shelf. 


MATERIALS AND METHODS 

Each survey was a short expedition to a target area. 
In general the authors were present to examine corals, 
fish and molluscs. However, additional specialists were 
present on some trips. Durations of the expeditions 
varied from 7-20 days; most were between 12-19 days 
(Table 1). 

The surveys were planned to develop as complete an 
inventory as possible of the target groups in the limited 
time available. To do this a series of stations were made 
each day. Most stations consisted of a single scuba dive, 
but in some cases more than one dive was made. Intertidal 
collecting was undertaken during the spring tide period 
on some expeditions. A limited amount of dredging and 
weed washing was undertaken for molluscs during the 


Table 1 . Details of relevant surveys of corals, fish and molluscs undertaken by the WAM and Conservation International. 


Location 

Collecting days Number of species 

Corals Fish Molluscs 

References 

North-western offshore reefs 

Ashmore Reef/ Cartier Island 12 

250 

565 

433 

Allen 1993; Veron 1993; Wells 1993 

Scott/Seringapatam Reef 

8 on survey; 
approx 13 on 
second survey 

219 

461 on survey; 
560 total 

279 

Allen and Russell 1986; Veron 1986; 
Wells and Slack-Smith 1986; 
Done et at. 1994; Hutchins et at. 1995 

Rowley Shoals 

7 for corals 188 

and molluscs; 

35 for fish; 
approx. 7 for 
second fish survey 

469 on 
survey; 

508 total 

260 on 
survey: 

273 total 

Allen and Russell 1986; Veron 1986; 
Wells and Slack-Smith 1986; 
Hutchins et at. 1995 

North-western 

Australian coastline 

Montebello Islands 

19 

141 on 
survey; 

150 total 

397 on 
survey; 

456 total 

609 on 
survey; 

633 total 

Allen 2000a; Marsh 2000; 
Wells et al. 2000 

Muiron islands and 
Exmouth Gulf 

12 

Not surveyed 

393 

655 

Hutchins 1996; 
Slack-Smith and Bryce 1996 

Bernier and Dorre Islands, 
Shark Bay 

12 

106 on 
survey; 

120 total 

300 

425 

Hutchins 1995; Marsh 1995; 
Slack-Smith and Bryce 1995 

Indo-Wcst Pacific 

Gulf of Tomini, Indonesia 

11 

314 

819 

541 

Allen 2001; Fenner 2001; 
Wells 2001 

Calamian Islands, Philippines 16 

305 

736 

651 

Allen 2000c; 

Veron and Fenner 2000; Wells 2000 

Milne Bay, Papua New Guinea 19 

1997 

2000 13 for 

molluscs 

26 for fish 
and corals 

362 on 
survey; 
estimated up 
to 430 total 

869 on 
survey; 

1039 total 

798 

638 

643 

Allen 1998; Veron 1998; 

Wells 1998 

Allen 2003; Fenner 2003; 
Wells and Kinch 2003 

Combined 


424 total 

929 

945 


Cocos (Keeling) Islands 

20 

99 

245 on 
survey; 

533 total 

380 on 
survey; 
610 total 

Allen and Smith-Vaniz 1994; 
Veron 1994; Wells 1994 

Christmas Island 

12 plus 
accumulated 

88 

292 on 
survey; 

575 total 

313 on 
survey; 
520 total 

Allen 2000b; Done and Marsh 2000; 
Wells and Slack-Smith 2000 
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early surveys. Some rotenone stations were made on each 
trip to collect small, cryptic fish. 

Stations were planned to include all habitats on the 
reefs: seaward slope, reef crest, reef flat, lagoons, islets, 
etc. In areas where other habitats, such as mangroves, 
were present these were also examined. 

Extensive voucher material was collected on WAM 
surveys and identified in the laboratory after the 
expedition. Field identifications were made on the 
Conservation International expeditions, but species 
difficult to identify in the field and potential new taxa 
were returned to the laboratory. 

RESULTS 

Table 1 provides a summary of the information 
generated during the surveys, including the duration of 
the expedition, the number of species of corals, fish 
and molluscs collected, and references to the 
publications reporting the results. 

DISCUSSION 

Diversity of fauna on the offshore reefs. Fish 
diversity is moderate on the offshore reefs, with 461 to 
565 species being found on the various reef systems 
(Rowley Shoals, Scott-Seringapatam Reef, and Ashmore 
Reef/Cartier lsland)(Allen and Russell 1986; Allen 
1993). It should be noted that the numbers of species of 
corals and molluscs at Rowley Shoals is based on a 
7-day survey. Fish were also collected during the 7 days, 
but in addition, collections of fish were made a year 
later for 4 additional weeks. Thus the 469 species of 
fish recorded at Rowley Shoals by Allen and Russell 
(1986) is inflated compared to corals and molluscs by 
greater collecting effort; during the 7-day survey 377 
species of fish were actually recorded at Rowley Shoals. 
Fish diversity on the three offshore reef surveys is equal 
to, or greater than, the three surveys shown along the 
mainland coast of Western Australia, which ranged from 
300 to 397 species, and is substantially greater than the 
292 species recorded during the survey of Christmas 
Island and the 245 found during the survey of the Cocos 
(Keeling) Islands, both in the north-eastern Indian 
Ocean. However, diversity on the north-west reefs was 
substantially less than the 736 to 869 fish species 
recorded during the Conservation International surveys 
in the coral triangle. 

The pattern for corals parallels that found for fish, 
with 188 to 250 species recorded on the offshore reef 
systems. Coral diversity on the reefs is greater than the 
two mainland surveys; 141 species were recorded in the 
Montebello Islands and 106 at Shark Bay. Coral 
diversity on the offshore reefs is also greater than at 
both Christmas Island (88 species) and the Cocos 


(Keeling) islands (99 species). As with fish, coral 
diversity on the north-west reefs was substantially less 
than the 305 to 362 species recorded during the 
Conservation International surveys in the coral triangle. 

The pattern demonstrated by molluscs was very 
different: 260 to 433 species were found on the 
offshore reefs. Diversity at Christmas Island (313) and 
the Cocos (Keeling) Islands (380 species) is within the 
range found on the three offshore reef systems. 
However, mollusc diversity on the north-western reefs 
is less than either the continental mainland (425 to 655 
species) or the coral triangle (541 to 651 species). 

Thus, overall diversity on the offshore reefs was 
moderate for the three groups. However, the diversity is 
not evenly spread. There is a general pattern within the 
three offshore reefs for fish, corals and molluscs to be 
most speciose at Ashmore Reef, have intermediate 
diversity at Scott-Seringapatam Reefs and the lowest 
diversity at Rowley Shoals. This is consistent with the 
conclusion advanced by Done et al. ( 1994) that the 
offshore reefs serve as stepping stones from which larvae 
of fish, corals and other groups move from the high 
diversity region of Indonesia, south along the outer 
continental shelf off north-western Australia, to the 
continental mainland. A filtering effect is expected as 
species with lower dispersal abilities drop out along the 
way. 

A second reason for lower diversity on the offshore 
reefs is the restricted variety of available habitats, 
particularly at Rowley Shoals. The north-western 
Australian reefs are open ocean reefs with a typical 
coral reef structure consisting of the seaward reef slope, 
reef crest, reef flat, lagoon and sandy islets. Berry 
(1993) reported three species of seagrass at Rowley 
Shoals and Scott Reef, but all were in isolated small 
patches. No mangroves or estuaries occur on the reefs, 
and only limited rocky shore habitats, in the form of 
intertidal beachrock, are present. 

All three reefs are in tropical waters, so temperature 
and latitude are unlikely to exercise major influence on 
biodiversity. The southernmost reef system, Rowley 
Shoals, is located at just over 17°S. Sea surface 
temperatures range from 24°C in winter to 30°C in 
summer (Berry 1986, 1993). 

Completeness of data. On expeditions such as 
these, all species collected on the first day are new 
records for the trip. The proportion of new records 
decreases rapidly as the common species arc found 
during the first few days. In the expedition to the 
Calamian Islands, Philippines, for example, 147 species 
of molluscs were collected on the first day, but a total 
of only 106 new' records w'ere obtained during the last 
week (seven days) of the expedition (Wells 2000). In 
addition, two mollusc specialists w f ere present on all 
of the expeditions to offshore reefs in north-western 
Australia, but only one was present on some of the other 
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expeditions, particularly those organised by 
Conservation International. 

Wells (1993) reported that 260 species of molluscs 
were collected in seven days at Rowley Shoals. Two 
experienced shell collectors later visited the shoals for 
an additional seven days. Despite their differing 
interests in molluscs, including specialist knowledge 
of a number of groups, only 13 additional species were 
collected. 

Diversity at Rowley Shoals perhaps illustrates the 
best example of the relative completeness of the data. 
Allen and Russell (1986) listed 377 species with station 
numbers from their seven-day survey of the shoals. An 
additional five weeks of collecting by three fish 
specialists, the last week of which was a survey by a 
number of people from the Australian Institute of Marine 
Sciences, increased the total number of species known 
from the shoals to 508 (Hutchins et al. 1995). Thus, 
five times the collecting effort increased the number 
of fish species known from Rowley Shoals by only 
35%. 

Similarly, the initial 19 day survey of Milne Bay, 
Papua New Guinea in 1997 recorded 869 species of 
fish (Allen 1998). An additional 26 days of collecting 
in 2000 increased the species list by only 60, to 929, 
or 7% (Allen 2003). The same 1997 survey recorded 
362 species of corals and 638 molluscs (Veron 1998; 
Wells 1998). The additional collecting in 2000 increased 
the species list for corals by only 62, or 17% (Fenner 
2003). On the other hand, the additional 13 days of 
collecting for molluscs recorded an additional 291 
species, or 46% (Wells and Kinch 2003). 

Clearly surveys of short duration, such as those 
undertaken by the WAM and Conservation International, 
can never collect all of the species present on a reef 
system; additional collecting will increase the species 
list. However, we believe the data presented in Table 1 
can be used confidently to evaluate the relative 
biodiversity of the various reef systems. The 
biodiversity information, including knowledge on the 
number of restricted range taxa can then be coupled 
with a threat analysis to determine priority areas to 
target for conservation (Roberts et al. 2002). 

Differences between offshore and inshore fauna. 
There is a considerable difference between the fauna 
along the continental shoreline and that present on the 
offshore reefs. A substantial portion of the species 
recorded from the offshore reefs were new records 
for Western Australia, or even Australia; 121(21%) of 
the 581 species of molluscs recorded on the three WA 
Museum expeditions were new records (Wells 1993). 
The proportion was much higher in fish, with at least 
355 new records (43%) among the total of 833 species 
offish collected (Allen and Russell 1986). Veron and 
Marsh (1988) recorded 318 species of corals in Western 


Australia, 265 of which occur on the offshore reefs. 
Forty-three of these species (16%) occur in Western 
Australia only on the offshore reefs. 

In fact, despite the close proximity of the offshore 
reefs to the continental shoreline of northern Western 
Australia, the fauna of the offshore reefs is more closely 
related to that which occurs on the Great Barrier Reef. 
This has been most clearly documented by Wells (1986) 
and Wells and Bryce (2000), who compared the 
numbers of species of 20 well known families of 
molluscs of the offshore reefs with both the continental 
shoreline and the Great Barrier Reef. A total of 571 
species are now known from north-western Australia; 
291 species have been recorded from the offshore reefs, 

188 (65%) of which have also been recorded along the 
continental coastline. On the other hand, over 90% ot 
the species which occur on the offshore reefs also occur 
on the Great Barrier Reef. Not only is the presence/ 
absence of species different on the open ocean reefs, 
but the community composition is different. Many 
species, such as Conus miles, which are rare along the 
continental shoreline are abundant on the offshore reefs 
(Wells 1986). 

Penetration of Indian Ocean species. Maes (1967) 
was intrigued by the faunal relationships of the marine 
molluscs she found at the Cocos (Keeling) Islands: 82% 
were widespread Indo-West Pacific forms; 15% were 
Pacific species; and only 3% were Indian Ocean species. 
The WAM expeditions demonstrated that there is a close 
faunal similarity between the molluscs of Cocos 
(Keeling) and the reel's on the North-West Shelf (Wells 
1994). However, Indian Ocean species, such as Drupa 
lobata , which were recorded at Cocos (Keeling) and 
Christmas Island, do not occur on the offshore reefs of 
north-western Australia. Similarly, Allen (2000b) and 
Allen and Smith-Vaniz (1994) recorded a number of 
typically Indian Ocean fish at Christmas Island and the 
Cocos (Keeling) Islands respectively; none of these were 
found on the north-western Australian reefs. This is not 
surprising given the movement of water from the Pacific 
Ocean into the Timor Sea and eastern Indian Ocean 
through the Indonesian Archipelago (Godfrey and 
Ridgway 1985; Fine 1985; Holloway and Nye 1985; 
Cresswell et at. 1993). 
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ABSTRACT 

This paper records 875 molluscan species-level taxa belonging to 129 families belonging to the emergent reefs on the 
northernmost part of the Sahul Shelf- Ashmore, Cartier and Hibernia Reefs. Whilst the fauna of the three reefs is 
relatively homogeneous, that of Ashmore is richest, presumably because of its larger area, presence of more habitat 
types and greater ability to retain organic material. Biogeographically, the fauna belongs to the (Indonesian regional 
subset of) the lndo-west Pacific region and is offshore/oceanic in composition. No biogeographic stratification with 
depth is evident. The endemic component of the fauna and the “coral triangle’Vnorth-eastern Indian Ocean regional 
component of the fauna are both very minor in terms of overall diversity. The north-western Australian continental 
component is non-existent. Two, possibly three, species of gastropod are endemic to Ashmore Reef (Amoria spencer iana, 
Cymbiola baili and possibly Melo sp.). They are internationally significant from a conservation standpoint because 
they have the most restricted distribution of their family (Volutidae) anywhere in the world and so are potentially 
vulnerable to overcollection for their shells. 

Keywords: Mollusca, north-western Australia, Ashmore, Cartier, Hibernia Reefs, biodiversity, zoogeography, endemicity. 


INTRODUCTION 

The Sahul Shelf is the name given to the section of 
the North West Australian continental shelf in closest 
proximity to Timor and separated from Timor by the 
Timor Trough. The Sahul Shelf has three reefs on its 
north-western margin - Ashmore (12°20’S, I23°00’E), 
Cartier (12°32’S, I23°33’E) and Hibernia (ll°58’S, 
123°22’E) - whose molluscan fauna is the subject of 
this contribution. The molluscan fauna of the three more 
southerly Sahul Shelf reef systems - Seringapatam 
(13°40’S, 122°05’E), Scott (14°03’S, 121°45’E) and 
Rowley Shoals (approx. 17° 10’S, I19°20’E) - has 
already been investigated (Wilson 1985, Wells and 
Slack-Smith 1986). In addition to these six emergent 
reef systems, the Sahul Shelf also has numerous 
submerged reefs and shoals (Van Andel and Veevers 
1967; Heyward el al. 1997). Their molluscan faunas 
remain to be elucidated. 

Ashmore is the largest emergent reef on the Sahul 
Shelf and the only one supporting vegetated cays. Rising 
from a volcanic basement, it is a Pleistocene carbonate 
reef with an extensive shoal area (over 150 km’ in area) 
less than 50 m deep that drops off into deep water 
(approximately 400 m) on all sides. Ashmore Reel was 
first surveyed for benthic molluscs in October 1978 
by staff from the Western Australian Museum (WAM) 
on board the Russian research vessel Professor Bogorov 


(Wilson 1985). In July 1986, staff from the (then) 
Northern Territory Museum of Arts and Sciences 
(NTM) collected molluscs as part of a wider faunal 
survey. In September of the same year molluscs were 
also collected by staff from the WAM (Wells 1993). As 
part of a study of traditional Indonesian fishing 
activities, staff from the NTM again collected molluscs 
on Ashmore Reef in April and September 1987. Another 
collection was made by NTM staff in September 1996 
(Willan 1998). The author participated in that expedition. 
Several private expeditions collected molluscs from 
Ashmore Reef up until 1997 when it was declared a 
strict Nature Reserve under IUCN listing 
(Commonwealth of Australia 2002). Wells and Bryce 
(2000) have updated to 433 the total number of species 
from Ashmore Reef. 

Although its cay is unvegetated, Cartier Reef is a 
raised platform reef similar to Ashmore Reef. Hibernia 
Reef is quite different morphologically because it rises 
directly from the shelf and only the edge emerges (as 
an annular reef crest), surrounding a deep (to 35 m 
depth) central lagoonal system. In March-April 1970, 
Dr C.C. Lu of the (then) Museum of Victoria (MV), on 
board the Taiwanese research vessel Hai Kung, made 
a number of trawls for pelagic cephalopod molluscs to 
the east of Cartier and Hibernia Reefs. Staff from the 
WAM collected benthic molluscs on Cartier Reef in 
September 1986 during that institution’s Ashmore Reef 
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Survey (Wells 1993) and staff from the NTM again 
collected benthic molluscs on Cartier and Hibernia 
Reefs in May 1992 (Willan 1993). The author 
participated in that survey. Wells and Bryce (2000) have 
updated to 381 and 294, the total number of species 
from Cartier and Hibernia Reefs, respectively. 

This paper collates records of molluscs from these 
previous NTM and WAM surveys as well as 
authenticated records from private expeditions and 
places the Sahul Shelf reefs in a global perspective with 
regard to their biodiversity, zoogeography, endemicity 
and significance for conservation. 

RESULTS AND DISCUSSION 

Biodiversity. The entire list of mollusc species for 
Ashmore, Cartier and Hibernia Reefs in the present 
paper contains a total of 875 species belonging to 129 
families (Appendix 2). Virtually all the recorded 
molluscs are shallow water benthic forms that typically 
inhabit the tropical Indo-west Pacific region, from the 
intertidal zone to depths of about 100 m. All the major 
families of Indo-Pacific gastropods are represented on 
these reefs, particularly speciose being the Conidae (74 
species), Cypraeidae (47 species), Mitridae (39 species) 
and Muricidae (including the thaids, but excluding the 
coralliophilids) (36 species). The major families of 
bivalves are also present but, by contrast to the 
gastropods, they are not very diverse. With 23 species, 
the Tellinidae is the only family of bivalves among the 
ten most speciose families in the list (Table 1). Other 
major families of bivalves are even less speciose - 
Veneridae( 16 species), Pectinidae (12 species), Cardiidae 
(excluding the Tridacnidae) (11 species), Arcidae sensu 
lato (9 species), Mytilidae (5 species) and Ostreidae (3 
species). Overall, the diversity of bivalves is lower than 
that recorded for the continental coastline of north¬ 
western Australia. 


Table 1 . The most speciose families of molluscs on the Sahul Shelf 
reefs. Data for Scott/Seringapatam and Rowley Shoals extracted 
from Wells and Slack-Smith (1986). 


Family 

Ashmore, Cartier, 
Hibernia Reefs 

Scott, 

Seringapatam 

Reefs 

Rowley 

Shoals 

Conidae 

74 

29 

18 

Cypraeidae 

47 

19 

16 

Mitridae 

39 

17 

9 

Muricidae 

36 

17 

15 

Costellariidae 31 

11 

1 

Cerithiidae 

29 

14 

12 

Trochidae 

25 

9 

8 

Tellinidae 

23 

4 

9 

Buccinidae 

23 

4 

4 

Turridae 

22 

2 

5 


Ashmore Reef has significantly more species of 
molluscs (634 = 72.5% of the total species recorded) 
than Cartier Reef (493 species = 56.3%) or Hibernia 
Reef (374 species = 42.7%). This finding of greater 
diversity on Ashmore Reef, which agrees with that of 
Wells (1993), has several probable causes, of which the 
considerably higher sampling effort on that reef is the 
main one. Besides greater sampling effort, is the 
representation of different habitat types and greater 
extent of habitat types on Ashmore. Compared with 
Cartier and Hibernia, Ashmore Reef has a considerably 
larger area of carbonate sand flats, intertidal reef crest, 
reef front, reef flats, beach rock, shallow lagoons, reef 
slopes and (intertidal and subtidal) seagrass patches. 
Finally, Ashmore’s larger size gives it a greater ability 
to retain particulate organic matter within its reef system, 
making it more conducive to deposit feeders like some 
bivalves. 

The gastropod family Nassariidae furnishes an 
example of the close relationship between molluscan 
numerical diversity and number of habitats on islands 
in the tropical Indo-Pacific Ocean. Species of nassariids 
are very habitat-specific (pers. obs.). There are 18 
species in total recorded here from these three reefs 
(Appendix 2; i.e., 11 from Ashmore, 8 from Cartier 
and 8 from Hibernia), but Kool and Struck (1990) 
recorded 52 species from the relatively small, but 
habitat-rich, island of Ambon in eastern Indonesia. This 
trend continues further south on the north-west 
Australian shelf with only two species of nassariids 
being recorded from Scott and Seringapatam Reefs 
(Wells and Slack-Smith 1986). However on the inner 
northwestern Australian coast the total recorded rises 
to 29 species (Wilson 1994). 

The opisthobranch gastropods provide a specific 
example of the effect of different sampling effort on 
numerical diversity. This is because opisthobranchs are 
inherently rare in time and space (Marshall and Willan 
1999: 4); the more effort one puts into their sampling, 
the more species will be found. The total (adjusted to 
ensure equivalence of taxonomic coverage between the 
surveys) for the opisthobranch fauna for these three 
reefs stands at 107 species, whereas Marshall and 
Willan (1999) recorded 262 species on two reefs on 
the Great Barrier Reef over the 1 8 years of their survey. 

Despite these differences in actual counts of species 
diversity discussed above, particularly the relatively low 
total for Hibernia Reef, I maintain the faunas are 
probably taxonomically homogeneous rather than 
basically different in composition of species. However, 
my assumption of taxonomic homogeneity is not 
supported when the data for the three reefs are analysed 
at the most basic level of comparison for faunal 
similarity. Of the total of 875 species, only 186 species 
(21 .2% of this total fauna) were recorded from all three 
reefs, only 152 species (17.4%) occurred jointly on 
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Ashmore and Cartier Reefs (i.e., were not recorded 
from Hibernia Reef), only 50 species (5.7%) occurred 
jointly on Cartier and Hibernia Reefs (i.e., were not 
recorded from Ashmore Reef), and only 54 species 
(6.2%) occurred jointly on Ashmore and Hibernia Reefs 
(i.e., were not recorded from Cartier Reef). Almost 
half the total number of species (i.e., 433 = 49.5%) 
were recorded on only one reef and not either of the 
others. These results strongly reflect the different 
sampling efforts and they do not, in my opinion, negate 
my hypothesis of taxonomic homogeneity. Such 
incomplete data are clearly inadequate for further 
statistical analyses such as pairwise comparisons of 
difference between the reefs which are statistically 
better tests for homogeneity than comparisons of 
similarity or dissimilarity. 

One noticeable difference in faunal composition is 
that there are fewer species of the gastropod family 
Costellariidae at both Cartier Reef (7 species) and 
Hibernia Reef (9 species) than at Ashmore Reef (21 
species). Members of this family are known to prefer 
clean lagoonal sand (Cernohorsky 1978) such as at 
Ashmore Reef, so greater diversity would be predicted 
there than on Cartier or Hibernia Reefs, and these 
observations confirm that prediction. 

Given that the molluscan fauna of the three reefs 
consists of Indo-west Pacific species (see 
Zoogeography section below), there are some notable 
absences. Because the following species are so 
ubiquitous and abundant elsewhere in the Indo-west 
Pacific region, it is impossible they would not have 
been detected if they were present on these 
northernmost reefs of the Sahul Shelf. Most 
conspicuous by their absences are the families 
Donacidae, Solenidae, Pharidae and Siphonariidae. The 
following 15 species, commonly inhabiting the Indo- 
west Pacific region, were completely absent: 
Monodonta labio, Turbo brunneus, Littoraria filosa, 
L. scabra, Strombus canarium, S. labiatus, S. urceus, 
Cypraea mauritiana , Gyrineum gyrineum, Phos 
senticosus, Nassarius distortus, Fusions coins , Bulla 
ampulla , Aplysia dactylomela and Dolabella 
auricularia. Since these families and species are not 
collected by humans for food or for commerce, the 
only explanation for the absence is unsuitable habitat. 
This is certainly the case with other families of obligate 
mangrove dwellers that are also absent, or hardly 
represented, on these reefs; the Potamididae, 
Iravadiidae, Ellobiidae, Corbiculidae, Laternulidae, 
Glauconomidae and Teredinidae. 

Having noted these absences, one must 
acknowledge that some entire assemblages of molluscs 
are under-represented in this list because their habitats 
were not sampled specifically: the Rissoidae, 
Eatoniellidae, Cerithiopsidae, Turbinidae (Liotiinae), 
Vitrinellidae, Skenidae, Cystiscidae, Turridae, 


Triphoridae, Eulimidae, Pyramidellidae, Cerithiopsidae, 
Galeommatidae (i.e., micromolluscs in general); 
endolithic bivalves (Mytilidae: Lithophaginae, 
Pholadidae, Gastrochaenidae, Petricolidae); cryptic 
species living with specialised hosts (holothurian 
parasites, cnidarian commensals); holoplanktonic 
molluscs; holopelagic cephalopods, and interstitial 
molluscs. This undersampling, together with the natural 
rarity in time and space of the opisthobranch taxa 
(Marshall and Willan 1999; see above), indicates that 
the present list is still far from complete. It might even 
be as low as half of the total mollusc fauna. The author 
has already estimated that the true diversity of molluscs 
on Ashmore Reef is probably close to 2000 species 
(Willan 1998). 

Because of the inequalities of sampling and 
underestimation noted above, the author is reluctant to 
make more than relative comparisons between faunas 
in terms of diversity since the spatial correlates of global 
species richness are poorly understood. Ranking these 
reefs on a scale integrating diversity and collecting 
effort, as Wells and Bryce (2000: 399) have ventured 
to do, seems premature. However, it is of interest that 
the total of 875 molluscan species recorded here on 
these three reefs is remarkably close to that of 800- 
850 species reached by Wells and Bryce (2000) for all 
the offshore atolls on the north-western Australian 
continental shelf. Certainly the molluscan fauna on these 
reefs is less diverse than that of the “coral triangle” 
(i.e., the region occupied by the Philippines, New 
Guinea and Indonesia) immediately north of them. The 
fauna there may be even higher than the 2738 species 
of marine molluscs recorded by Bouchet et al. (2002) 
at Koumac on the western coast of New Caledonia; 
this mammoth survey involved 400 person-days at 42 
discrete stations in an area of 295 km 2 . The molluscan 
fauna of the oceanic islands in the Pacific is apparently 
also more diverse than on these shelf reefs reefs; Kay 
(1995) gave a “first approximation” of 2600 species 
for seven groups of oceanic islands. 

It would seem that molluscan diversity on these Sahul 
Shelf atolls is as high, if not higher, than that close to, 
or on, the inner continental shelf of northern Western 
Australian (data summarised in Wells and Bryce 2000). 
However, regardless of the final totals, the composition 
of the molluscan faunas on the offshore and inshore 
continental shelf is very different, as is examined in 
the section on zoogeography below. 

The only present threats to this biodiversity of 
molluscs come from human activities. The population 
of Trochus niloticus is already heavily exploited for sale 
of the shell in Indonesia; no live T. niloticus were found 
on Ashmore Reef during the survey conducted in 1986 
(Willan 1998). There is evidence from several localities 
in the Pacific that natural stocks of this, the most 
desirable species of Trochus, have declined through 


53 


R.C. Willan 


overcollection (Dangeubun and Latuihamalo 1998) and 
that this species is not resilient to sustained 
overharvesting (S. Foale pers. comm.) Densities of 
giant clams (Tridacnidae) also were reduced on 
Ashmore and Cartier Reefs, presumably from 
harvesting of specimens for their adductor muscle meat 
and shell for sale. Evidence of opportunistic collection 
of additional species for sustenance consumption by 
visiting Indonesian fishermen was noted on Cartier Reef 
in 1992, where a midden contained shells of Lambis 
chiragra, Hyotissa hyotis and Cypraea tigris (Jeffery 
et al. 1993). The author also noted large slabs of dead 
coral that had been recently overturned on the reef crest 
of Ashmore Reef. This was further evidence of 
opportunistic gleaning activities, presumably by visiting 
fishermen who had overturned the coral slabs in search 
of easy food. All the other organisms that had been 
living on these slabs had died from desiccation when 
they were exposed. 

Zoogeography. Since the total fauna of these reefs 
remains unknown, is it possible to draw any 
conclusions about its composition in terms of affinities 
to other regions in the lndo-Pacific region? 1 believe it 
is. With a total of 875 species (Appendix 2), I believe it 
is entirely possible to draw meaningful conclusions 
regarding the geographic affinities and origins of the 
molluscan fauna of the emergent reefs of the 
northernmost Sahul Shelf, and that these conclusions 
will remain valid regardless of whether the total of 
molluscs recorded on these reefs should eventually 
increase by 100 or 1000 species. 

Zoogeographically the fauna belongs entirely to the 
(Indonesian subset) of the Indo-west Pacific marine 
region. The exact component having this affinity cannot 
be calculated because the geographic distribution of all 
the species is not known. This applies particularly the 
micromolluscs, but 1 predict that their distributions will 
be concordant with those already known for the 
macromolluscs. This conclusion is supported by current 
data which indicate the large scale transport of oceanic 
water from the Pacific Ocean, through the Indonesian 
Archipelago, into the Indian Ocean (Godfrey and 
Golding 1981; Fine 1985). 

Not only is the molluscan fauna of Indo-west 
Pacific affinity in overall composition, but it is also 
homogeneous at the mesoscale level of bionomic 
distribution. Morri et al. (2000) described a very 
interesting situation on Ilha do Sal in the Cape Verde 
Archipelago, where the littoral fauna and the 
sublittoral fauna below 20 m showed a predominant 
temperate Atlantic-Mediterranean affinity, whereas the 
shallow sublittoral fauna showed a pronounced 
tropical western Atlantic affinity. No such depth 
stratification corresponding with lndo-Pacific 
subregions is evident on any of the Sahul Shelf reefs 
studied here. 


Although these reefs lie in the Indian Ocean, there 
seems to be no evidence of lndo-Pacific taxa which 
are confined to that ocean; that is there is no endemic 
eastern Indian Ocean regional component in the faunas 
of these three reefs or in those of the more southerly 
Sahul Shelf reefs. Three examples drawn from cognate 
taxa (i.e., pairs of taxa with one member in the Pacific 
Ocean and the other in the Indian Ocean) justify this 
assertion. Firstly, the Pacific species Drupina 
grossularia occurs on all three reefs under study 
(Appendix 2), but its cognate D. lobata occurs on none 
of them. D. lobata is essentially an Indian Ocean species 
(Emerson and Cernohorsky 1973: 38), although both 
species do occur sympatrically on Christinas Island, 
the Cocos Keeling Islands and on the continental coast 
of northern Western Australia (Emerson and 
Cernohorsky 1973: 38, Wells et al. 1990, Wilson 1994, 
Wells and Slack-Smith 2000). Secondly, the Pacific 
Strombus gibbenilus gibbosus occurs on all three reefs 
(Appendix 2), but not its subspecies S. gibbenilus 
gibbenilus , which entirely replaces it in the Indian 
Ocean (Abbott 1960: 141-144). Similarly, the Pacific 
Lambis scorpius scorpius occurs on Cartier Reef 
(Appendix 2), but not its subspecies L. scorpius 
indomaris that entirely replaces it in the Indian Ocean 
(Abbott 1961: 165). 

The “coral triangle’Vnorth-eastern Indian Ocean 
component of the molluscan fauna is small (8 species; 
0.9% of the total), but not insignificant and this reflects 
the prevailing current and the proximity to Roti, 
Indonesia, only 145 km to the north. The first species 
of this group is Conus fisclioederi (listed as 
C. morrisoni in Appendix 2, but see Appendix 1 for 
explanation of nomenclature) Two other species of 
Conus from this group have already been recorded from 
these northernmost Sahul Shelf reefs Conus chiangi 
and C. aurisiacus (Singleton 1997, 1998, respectively). 
The remaining species, all new records for these reefs, 
are Echinolittorina reticulata (Figs 1,2), Bursa 
tuberossissima, Chicomurex cf superbus, Mitra 
incompta (Figs 5,6) and Chromodoris michaeli 
(Fig. 12). Not only are these latter five species new 
records for these reefs, but they are also new records 
for north-western Australia. For example Wilson (1994: 
146) could not locate any confirmed records of Mitra 
incompta from Australia, but the specimen reported 
and figured here (Figs 5,6) demonstrates the species’ 
presence on these reefs unequivocally. 

These species representing the “coral triangle”/ 
north-eastern Indian Ocean component all occurred as 
single specimens on each of the reefs, so one cannot 
argue that any one reef is a stronger recipient for these 
species than either of the other two reefs. 

Previously 1 had considered that four specimens 
found on these reefs represented species of molluscs 
previously known to be endemic to the inner continental 
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coast of Western Australia - Echinolittorina australis, 
Cronia avellana, Conus victoriae and Chromodoris 
westraliensis (Willan 1993, 1998). Their presence was 
interpreted as evidence of extensions of geographic 
range of inner continental species onto the north¬ 
western shelf. However I have now reassessed the 
nomenclature of these four specimens and concluded 
that the previous identifications were incorrect (see 
Appendix 1 for explanations and resulting changes of 
nomenclature). The first (NTM PI 8268) is 
Echinolittorina reticulata, a member of the 
E. miUegrana species complex (Reid 2002). The 
specimen recorded as Cronia avellana (NTM PI 8474) 
is a misidentified juvenile of Thais armigera. The 
record of Conus victoriae is based on a dead-taken 
shell of C. canonicus . The last in this list (NTM 
P20758) is a new species described and named very 
recently, Chromodoris michaeli (see Appendix 1). The 
first and last are “coral-triangle” species already 
recorded from Indonesia. Removing these four species 
from the faunal list for these reefs eliminates the inner 
shelf Australian regional component entirely. This 
conclusion now gives considerable additional support 
from the entire molluscan fauna to Wells’ (1986) 
hypothesis, based on only 20 families of gastropods, 
of a major separation between the molluscan faunas of 
the tropical inner continental coast of Western Australia 
and the offshore atolls. Such a separation is not evident, 
or hardly so, for molluscs in tropical eastern Australia 
(pers. obs.). 

Endeinicity. One of the very significant outcomes 
of the recent expeditions to these reefs has been the 
discovery of two distinctive species of gastropod 
molluscs, both volute shells (family Volutidae), that are 
endemic to Ashmore Reef (Willan 1998). A third species 
of the same family, Melo sp., is discussed in Appendix 
1; it could be a third endemic volute. Another gastropod 
species, a member of the genus Conus, was previously 
thought to be endemic to Ashmore Reef too, but its status 
has recently been reappraised as belonging to the species 
Conus fischoederi. I now interpret it as a member of 
the “coral triangle” group (see Appendix 1). 

The species of volute shells that occur only on 
Ashmore Reef are Amoria spenceriana (Figs 8, 9) and 
Cymbiola baili (Figs 10, 11) (Willan 1995, 1998) and 
possibly Melo sp. (Fig. 7), which also occurs on 
Hibernia Reef. Although these species hardly make any 
impression on total molluscan biodiversity on these reefs 
(0.2% of the total), their significance lies in the fact 
that they are the only invertebrates currently recognised 
as being limited to these reefs. This very restricted 
distribution gives these endemic molluscs the dubious 
distinction of being the most narrowly restricted 
members of their family anywhere in the world (Willan 
1995) (with the possible exception of some species of 
Lyria (Poppe and Goto 1992)). 


Amoria spenceriana belongs to the A. maculata/ 
praetexta species complex (Willan 1995) which is 
restricted to the northern Australian shelf. The 
geographic affinities of Cymbiola baili remain uncertain 
because the species complexes within the genus 
Cymbiola are unclear at the present time (Bail and 
Limpus 1998a), but it would seem to be part of the C. 
nivosa species group which is otherwise restricted to 
the Western Australian shelf. 

Amoria spenceriana occurs only on Ashmore Reef, 
noton Cartier Reef or Hibernia Reef (Willan 1993, 1998; 
Bail and Limpus 1997, 1998b, 2001). Four shells (one 
merely a fragment) of A. spenceriana were collected 
during the 1996 visit to Ashmore Reef. All these shells 
were found on the cays, in beach drift above the tide 
level on the cays themselves or on sand Bats fringing 
the cays. These freshly dead shells suggest that the 
species actually lives on intertidal or shallow subtidal 
sand/seagrass patches and shallow lagoons, 
Unfortunately the unsuitability of the low tides during 
the author’s visit and the arrival of a boatload of 
refugees compromised the activities planned in these 
habitats. Future surveys need to study the population 
status of this species in detail. Cymbiola baili seems 
to live in deeper water on the slopes surrounding 
Ashmore Reef. 

The comparatively few eggs produced by these two 
attractive species of gastropods undergo direct 
development. Both species are likely to be in demand 
by advanced shell collectors overseas with whom 
volutes are popular. An illegal export trade does exist 
within the specimen shell market (A. Limpus pers. 
comm.). Therefore, these species of gastropod deserve 
extra-special protection for three reasons: (i) very 
limited range; (ii) low fecundity, and (iii) commercial 
demand. Technically, this protection already exists. 
First, Ashmore Reef is a National Nature Reserve 
(Commonwealth of Australia 2002) and so collection 
of molluscs can only be undertaken for scientific 
research and then only under a permit. And secondly, 
shells cannot be exported legally from Australia because 
there is no approved Management Plan in place for the 
Northern Territory at present. From a conservation 
standpoint, both Amoria spenceriana and Cymbiola baili 
must be regarded as vulnerable to exploitation from 
the specimen shell trade and they should be afforded 
correspondingly higher levels of protection than other 
invertebrates by bringing them under the umbrella of 
international wildlife agreements such as CITES, for 
example. 
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APPENDIX 1. Comments on taxonomy 

Echinolittorina reticulata (Anton, 1838) 

(Figs 1, 2) 

Recent detailed investigations into Nodilittorina by David 
Reid and collaborators have revealed several species groups in the 
formerly large genus (Reid 1989,2001,2002; Williams e/aA 2003). 
One of the species groups is that of E. millegrana, which is now 
interpreted as a complex of six sibling species (Reid 2002). The 
author’s previous record of Nodilittorina australis (Gray 1826) 
from Cartier Reef (Willan 1993) is erroneous. That specimen 
(NTM PI8268) has now been reappraised as belonging to E. 
reticulata (Anton, 1838) (Reid pers. comm., September 2001), a 
species in the E. millegrana complex that ranges through East 
Africa, Mauritius, Sri Lanka, western Thailand, Indonesia, 
Philippines, Taiwan, Ryukyu Islands, Caroline Islands and 
Marshall Islands (Reid 2001). Characteristically, E. reticulata lives 
on oceanic islands and in dear-water situations (Reid 2001). True 
E. millegrana is found only in the Red Sea and Arabia (Reid 
2002). True/f. australis is a Western Australian inner shelf endemic 
species, ranging from Esperence to the northern Kimberley region 
(Wilson 1993; 147). 

Thais armigera (Link, 1807) 

(Figs 3, 4) 

Subsequent to recording the endemic Western Australian, 
inner shelf species Cronia avellana (Reeve, 1846) from Cartier 
Reef (Willan 1993), the author has re-examined the single 
juvenile shell (NTM PI 8474) on which the record was based. 
Although its shape is reminiscent of C. avellana (sensu Wilson 
1994: 27), the nodules on the body whorl are too large and the 
aperture too wide for that species. The specimen is more likely 
to be a very immature Thais armigera (Link, 1807), an Indo- 
Pacific species recorded as adults from Ashmore, Hibernia and 
Cartier Reefs (see Appendix 2). The occurrence of C. avellana 
on the northern Western Australian mainland coast of the 
Kimberly region has, however, been confirmed (Wells 1992). 

Neothais clathrata (A. Adams, 1854) 

I identified a single, small shell from Hibernia Reef (NTM 
P7531) as Coralliophila sp. (Willan 1993). When later, a specimen 
of this same species came to hand from New Zealand (Willan 
1998a, Hayward etal. 2001: 62), I realised both were the tropical 
Indo-Pacific species usually called Neothais rugulosa (Pease, 
1868) in the literature. However that specific name is a junior 
synonym of Rapana clathrata (A. Adams, 1854), so the correct 
name is Neothais clathrata (A. Adams, 1854) (Willan 1998a). 

Mela cf aethiopica (Linnaeus, 1758) 

(Fig. 7) 

Given that gastropods of the genus Melo (baler or melon 
shells) include some of the world’s largest shells, one would 
have expected their taxonomy to be stabilised, but this is far 
from the case. The difficulties of amassing collections of such 
large shells for comparative study, of interpreting intraspecific 
and ontogenetic variation, and of understanding hybridisation 
(Poppe and Goto 1992: 190) have all resulted in great confusion, 
so that establishing a name for the single species of Melo that 
inhabits Ashmore and Hibernia Reefs (curiously not Cartier Reef) 
has proved inconclusive. Both the Ashmore Reef and Hibernia 
Reef populations belong to the same species (pers. obs). 

Following the description given by Weaver and DuPont (1970) 
in their popular book on volute shells of the world, the author 
used the name Melo broderipii (Griffith and Pidgeon, 1834) for 
the population from Hibernia Reef ( Willan 1993). This name is 
discussed below'. Independently, Wells (1993) called the population 
from Ashmore Reef M. amphora (Lightfoot, 1786), but that name 


is definitely incorrect: M. amphora has tall erect spines on the 
shoulder and prominent zig-zag axial lines enclosing pale yellow 
triangular patches (Wilson 1994: 125). The more recent book on 
the Volutidae of the world (Poppe and Goto 1992) defines the 
“Indonesian melon shell”, Melo aethiopica (Linnaeus, 1758), as 
having relatively few, low spines (14-18) on the shoulder of the 
body whorl, darker coloration, a more slender body whorl, fewer 
columellar plaits (3) and a yellowish protoconch. The geographic 
range of M. aethiopica is said to extend from southern New Guinea 
westwards as far as Java. The “Philippine baler shell”, M. 
broderipii (Griffith and Pigeon, 1834), supposedly has more spines 
(20-25) on the shoulder of the body whorl, lighter coloration, a 
more inflated body whorl, more columellar plaits (4) and a dark 
brownish protoconch. M. broderipii is reported from north-western 
New Guinea, north-westwards through the Moluccas Islands, to 
the Philippines. This distinction first suggested by Poppe and Goto 
(1992) between M. aethiopica and M. broderipii has been 
maintained by Springsteen and Leobrera (1986) and Dharma 
(1992), despite being inconsistent with the view presented earlier 
by Weaver and DuPont (1970). Weaver and DuPont also 
discriminated between these two species on the height of the 
protoconch relative to the height of the spines, with the protoconch 
of M. broderipii extending above, or posterior to, the spines. 

Shells from the Melo populations on Ashmore and Hibernia 
Reefs (Fig. 7) definitely belong to the low-spined group of species; 
they have relatively narrow and heavy shells, even fewer low 
spines (9) than either of the species above, 3 columellar plaits and 
a cream protoconch that just appears above the highest spines. 
On balance, these shells are closer to those of Melo aethiopica 
sensu Poppe and Goto (1992) but outside the range of 
morphological variation they described for that species. Either 
these populations represent a new' species (i.e., yet another 
species of volute shell endemic to the northermost Sahul Shelf), 
or the separation between M. aethiopica and M. broderipii is 
artificial and the two are conspecific. I do not have enough 
material of Melo specimens from Asia to decide between these 
two alternatives, and so for the time being 1 have used the name 
M. cf. aethiopica. 

Conus cunonicus Hwass in Bruguiere, 1792 

Wells’ (1993) record of the endemic, north-western 
Australian, inner shelf species Conus victoriae from Ashmore 
Reef is erroneous. It is based on worn material of the tropical 
Indo-Pacific species C. canonicus Hwass in Bruguiere 
(J. Singleton pers. comm.). 

Conus morrisoni (Raybaudi-Massilia, 1991) 

Jon Singleton has suggested to me that Conus morrisoni, a 
supposed Ashmore endemic (Raybaudi-Massilia 1991), might be 
the same species as C. Jischoederi Rockel and da Motta, 1983 from 
western Thailand and the northern Philippines (Rockel and da Motta 
1983). This conclusion would mean that this species actually 
occurs throughout the north-eastern Indian Ocean. However this 
would then necessitate replacement of the name C. morrisoni with 
its senior synonym C. jischoederi. Even though I have here 
accepted the synonymy for zoogeographic purposes, it is not 
appropriate for me to undertake the formal taxonomic synonymy 
in this paper because of further taxonomic complications. Rockel 
et al. (1995: 103) have already synonymised C. morrisoni with 
the widespread Indo-Pacific C. cants Hw'ass in Bruguiere, 1792 
and Filmer(2001: 188) very recently indicated C. morrisoni might 
be a synonym of C. striolatus Kiener, 1845. So the identity of C. 
morrisoni cannot be properly elucidated until the type material of 
all of the species involved has been studied and the intraspecific 
variation of each understood. 
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Figs 1,2. Echinolittorina reticulata 10.2 mm shell length, Cartier Reef, NTM PI8268. Figs 3,4. Thais armigera juvenile 13.8 mm shell 
length, Cartier Reef. NTM P18474. Figs 5.6. Mitraincompta 73.3 mm shell length, Cartier Reef, NTM P1977. Fig. 7. Melo cf. aethiopica 
193.0 mm shell length, Ashmore Reef, NTM P15997. Figs 8,9. Amoria spenceriana 66.2 mm shell length, Ashmore Reef, NTM P16205. 
Figs 10,11. Cymbiola baili Holotype, 46.2 mm shell length, Ashmore Reef, NTM P8918. 
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Chrontodoris michaeli Gosliner and Behrens, 1998 

(Fig. 12) 

When I wrote my report on the molluscs that I had collected 
on the 1996 NTM expedition to Ashmore Reef (Willan 1998b), 
I was confident to call one of the chromodorid nudibranchs 
Chromodoris westraliensis (O'Donoghue. 1924) because it had 
the punctate reticulum of white specks on the mantle and the 
mid-dorsal transverse “saddle” that are typical of C, westraliensis. 
Knowing that C. westraliensis is highly variable in coloration 
and that it extends all along the Western Australian inner 
continental coast as far north as the Kimberley region (Wells 
1992; Wells and Bryce 1993), the northward extension to 
Ashmore Reef seemed quite probable. However C. michaeli, 
which was subsequently named from the Philippines (Gosliner 
and Behrens, 1998), is almost identical to my specimen (NTM 
P20758). That species, which is now recorded from Indonesia, 
is inadequately differentiated from C. annae, C. westraliensis 
and another newly named species C. dianae Gosliner and 
Behrens, 1998 (Rudman 2001) and we have only a meagre 
understanding of intraspecific variation in any member of this 
Chromodoris annae species complex. Therefore, in the absence 
of any forseeable resolution to the identity of these species, 1 
have used the name C. michaeli for this species in this paper. 



Fig. 12. Chromodoris michaeli 31 mm extended crawling length, 
Ashmore Reef, NTM P20758. Photo; R.C. Willan. 
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APPENDIX 2. Molluscs of Ashmore, Cartier and Hibernia Reefs, Timor Sea 
Species name Ashmore Reef 


CLASS POLYPLACOPHORA 
FAMILY LEPIDOPLEURIDAE 

Terenochiton sp. 1 X 

FAMILY CRYPTOPLACIDAE 

Cryptoplax burrowi E.A. Smith, 1884 X 

Cryptoplax, tarvaeformis (Blainville in Burrow, 1815) X 

FAMILY CHITONIDAE 

Chiton sp. I X 

Onithochiton sp. 1 X 

Tonicia fortilirata (Reeve, 1847) X 

CLASS GASTROPODA 
FAMILY PATELLIDAE 

Scutellastra Jlexuosa (Quoy and Gaimard, 1834) X 

FAMILY HALIOTIDAE 

Haliotis asinitta Linnaeus, 1758 X 

Haliotis clathrata Reeve, 1846 X 

Haliotis ovina Gmelin, 1791 X 

Haliotis planata Sowerby, 1838 X 

Haliotis squamata Reeve, 1846 X 

Haliotis varia Linnaeus, 1758 X 

FAMILY F1SSURELLIDAE 

Diodora galeata (Helbling, 1779) 

Diodora jukesii (Reeve, 1850) X 

Diodora ticaonica (Reeve, 1850) 

Emarginula sp. I X 

Hemitonia panhi (Quoy and Gaimard, 1834) X 

Puncturella cf verrieri (Crosse, 1871) 

Scutus unguis (Linnaeus, 1758) X 

FAMILY TROCHI DAE 

Cantharidus gilberti ( Montrouzier, 1878) X 

Cantharidus polychromus (A. Adams, 1853) X 

Chrysostoma paradoxum (Born, 1778) X 

Clanculus atropurpureus (Gould, 1849) X 

Clanculus margarilaritts Philippi, 1847 

Clanculus sp. 1 X 

Ethalia guamensis (Quoy and Gaimard, 1834) X 

Euchelus atratus (Gmelin, 1791) X 

Euchelus sp. 1 X 

Herpetopoma sp. 1 

Monilea philippiana Dunker, 1871 X 

Spectamen sp. 1 X 

Stomatella impertusa (Burrow, 1815) X 

Stomatia heckeliana (Crosse, 1871) X 

Stomalia phymotis Helbling, 1779 X 

Stomatia tuberculata (A. Adams, 1850) 

Thalotia attenuata (Jonas, 1844) X 

Tectus fenestratus (Gmelin, 1791) X 

Tectus pyrantis (Bom, 1778) X 


Cartier Reef Hibernia Reef 


X 

X 


X 


X 


X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 


X 

X 

X 

X 


X 

X 

X 


X 

X 


X X 

X 

X 

X 

X 

X X 

X X 


61 




R. C. Willan 


Species name 


Ashmore Reef Cartier Reef 


Tectus triserialis (Lamarck, 1822,) X 

Trochus conus (Gmelin, 1791) 

Trochus hanleyanus Reeve, 1842 

Trochus liistrio Reeve, 1842 X 

Trochus maculatus Linnaeus, 1758 X 

Trochus niloticus Linnaeus, 1767 X 

FAMILY TURBrNIDAE 

Angaria delphinus (Linnaeus, 1758,) X 

Angaria tyria (Reeve, 18431 X 

Astralium rhodostomum (Lamarck, 1822,) X 

Liotina aff. peronii X 

Turbo argyrostomus Linnaeus, 1758 X 

Turbo chrysostomus Linnaeus, 1758 X 

Turbo petholatus Linnaeus, 1758 X 

Turbo radiatus Gmelin, 1791 X 

FAMILYNERIT1DAE 

Nerita albicilla Linnaeus, 1758 X 

Nerita plicata Linnaeus, 1758 X 

Nerita polita Linnaeus, 1758 X 

Nerita sqmmulata Le Guillou, 1841 X 

Nerita undata Linnaeus, 1758 X 

Smaragdia souverbiana ( Gassies, 186 \) X 

FAMILY NERITOPSIDAE 

Neritopsis radula (Linnaeus, 1758) X 

FAMILY L1TTORJNIDAE 

Echinolittorina reticulata (Anton. 1838) 

Littoraria articulata (Philippi, 1846) X 

Littoraria wululata (Gray, 1839) X 

Peasiella conoidalis (Pease, 1868) X 

FAMILY R1SS01DAE 

Rissoina cf. imbricata Gould, 1861 

Rissoina sp. 1 X 

FAMILY PLANAX1DAE 

Planaxis lineatus (da Costa, 1776) X 

Planaxis sulcatus (Bom, 1780) X 

FAMILY CERITHI1DAE 

Bittium zebrum (Kiener, 1842) X 

Bittium sp. 1 

Cacozeliana sp. I X 

Cerithiunt atromarginatum Dautzenberg and Bouge, 1933 X 

Cerithium citrmum Sowerby, 1855 X 

Cerithium columna Sowerby, 1834 X 

Cerithium echinatum (Lamarck, 1822) X 

Cerithium egenum Gould, 1849 

Cerithium cf. munitum Sowerby, 1855 X 

Cerithium nesioticum Pilsbry and Vanatta, 1906 X 

Cerithium nodulosum Bruguiere, 1792 X 

Cerithium aff. nodulosum 
Cerithium aff. novaehollandiae 
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Species name 

Cerithium punctatum Bruguiere, 1792 
Cerithium mstratum Sowerby, 1855 
Cerithium sp. 1 

Clypeomorus cf. batillariaeformis Habe and Kosuge, 1966 
Clypeomorus brevis (Quoy and Gaimard, 1834) 
Clypeomorus petrosa chemnitziana (Pilsbry, 1901) 
Obtortio sp. 1 

Pseudovertagus aluco Hombron and Jacquinot, 1854 
Rhinoclavis articulata (A. Adams and Reeve, 1850) 
Rhirtoclavis aspera (Linnaeus, 1758) 

Rhinoclavis diadema Houbrick, 1978 
Rhinoclavis kochi (Philippi, 1848) 

Rhinoclavis fasciata (Bruguiere, 1792) 

Rhinoclavis sinensis (Gmelin, 1791) 

Rhinoclavis vertagus (Linnaeus, 1758) 

Royella sinon (Bayle, 1880) 

FAMILY VERMETIDAE 

Dendropoma maxima (Sowerby, 1825) 

Serpulorbis sp. 1 
Vennetus cf alii Hadfield, 1972 
FAMILY SILIQUARIIDAE 
Tenagodus sp. 1 
FAMILY EULIMIDAE 
Eulima sp. I 

FAMILY TRIPHOR1DAE 

Bouchetriphora pallida (Pease, 1870) 

India sp. I 

Inforis cf consors (Hinds, 1843) 

Mastonia rubra (Hinds, 1843) 

Mastonia sp. I 

Mesophora ustulata (Hervier, 1897) 

Obesula cf turricula (Hervier, 1897) 

Viriola cancellata (Hinds, 1843) 

Viriola elegans (Hinds, 1843) 

Viriola cf pagoda (Hinds, 1843) 

Viriola sp. 1 
FAMILY CAPUL1DAE 

Antisabia foliacea (Quoy and Gaimard, 1835) 

Capulus liberatus Pease, 1868 
FAMILY TRICHOTROPHIDAE 

Lippistes cf. blainvilleanus (Petit, 1851) 

FAMILY HIPPONICIDAE 

Hipponix conicus (Schumacher, 1817) 

FAMILY CALYPTRAEIDAE 

Chilea equeslris (Linnaeus, 1758) 

FAMILY VANIKORIDAE 

Vanikoro cancellata (Lamarck, 1822) 

Vanikoro hdicoidea (Le Guillou, 1842) 

FAMILY MODULI DAE 

Modulus tectum (Gmelin, 1791) 
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Species name 


Ashmore Reef Cartier Reef 


FAMILY EULIMIDAE 
Eulima sp. I 

Stylifer cf. ophidiastericola Habe, 1951 

Thyca crystallina (Gould, 1846) X 

FAMILY SERAPHIDAE 

Terebellum terebellum (Linnaeus, 1758) X 

FAMILY STROMBIDAE 

Lambis chiragra arthritica Roding, 1798 X 

Lambis lambis (Linnaeus, 1758) X 

Lambis scorpius (Linnaeus, 1758) 

Lambis truncata (Humphrey, 1786) 

Strombus aurisdianae Linnaeus, 1758 X 

Strombus bulla (Roding, 1798) X 

Strombus dentatus Linnaeus, 1758 X 

Strombus erythrirtus Dillwyn, 1817 

Strombus gibberulus gibbosus (Roding, 1798) X 

Strombus haemastoma Sowerby, 1832 

Strombus lentiginosus Linnaeus, 1758 X 

Strombus luhuanus Linnaeus, 1758 X 

Strombus microurceus (Kira, 1959) X 

Strombus mutabilis Swainson, 1821 X 

Strombus pipus Roding, 1798 X 

Strombus plicatus pulchellus Reeve, 1851 X 

Strombus sinuatus Humphrey, 1786 X 

FAMILY NATICIDAE 

Naticarius lineozona (Jousseaume, 1874) X 

Naticarius onca (Roding, 1798) X 

Notocochlis gualteriana (Recluz, 1844) X 

Polinices Jlemingianus (Recluz, 1844) 

Polinices mammatus (Roding. 1798) 

Polinices mammilla (Linnaeus, 1758) X 

Polinices melanostomoides (Quoy and Gaimard, 1833) X 

Polinices melanostomus (Gmelin, 1791) X 

Polinices peselephanti (Link, 1807) X 

Polinices simiae (Deshayes in Deshayes and Edwards, 1838) X 

Polinices sp. 1 X 

Tectonatica robilliardi (Sowerby, 1843) X 

FAMILY CYPRAEIDAE 

Cypraea annulus Linnaeus, 1758 X 

Cypraea arabica Linnaeus, 1758 X 

Cypraea argus Linnaeus, 1758 X 

Cypraea asellus Linnaeus, 1758 X 

Cypraea caputserpentis Linnaeus, 1758 X 

Cypraea carneola Linnaeus, 1758 X 

Cypraea caurica Linnaeus, 1758 X 

Cypraea childreni Gray, 1825 X 

Cypraea chinensis Gmelin, 1791 X 

Cypraea cicercula Linnaeus, 1758 X 

Cypraea clandestina Linnaeus, 1758 X 
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Species name 

Cypraea contaminate! Sowerby, 1832 
Cypraea cribraria Linnaeus, 1758 
Cypraea cylindrica Bom, 1778 
Cypraea depressa Gray, 1842 
Cypraea eglantina Duclos, 1833 
Cypraea erosa Linnaeus, 1758 
Cypraea errones Linnaeus, 1758 
Cypraea fimbriata Gmelin, 1791 
Cypraea flaveola Linnaeus, 1758 
Cypraea globulus Linnaeus, 1758 
Cypraea helvola Linnaeus, 1758 
Cypraea himndo Linnaeus, 1758 
Cypraea liistrio Gmelin, 1791 
Cypraea Isabella Linnaeus, 1758 
Cypraea kieneri Hidalgo, 1906 
Cypraea limacina Lamarck, 1810 
Cypraea lynx Linnaeus, 1758 
Cypraea margarita Gaskoin, 1848 
Cypraea mappa Linnaeus, 1758 
Cypraea microdon Gray, 1828 
Cypraea minoridens Melvill, 1901 
Cypraea moneta Linnaeus, 1758 
Cypraea nucleus Linnaeus, 1758 
Cypraea patliduta Gaskoin. 1849 
Cypraea punctata Linnaeus, 1758 
Cypraea poraria Linnaeus, 1758 
Cypraea scurra Gmelin, 1791 
Cypraea staphylaea Linnaeus, 1758 
Cypraea stolida Linnaeus, 1758 
Cypraea lalpa Linnaeus, 1758 
Cypraea teres Gmelin, 1791 
Cypraea testudinaria Linnaeus, 1758 
Cypraea tigris Linnaeus, 1758 
Cypraea ursellus Linnaeus, 1758 
Cypraea vitellus Linnaeus, 1758 
Cypraea ziczag Linnaeus, 1758 
FAMILY OVULIDAE 

Calpurnus lacteus (Lamarck, 1810) 

Calpurnus verrucosus Linnaeus, 1758 
Calpurnus sp. I 
Crenavolva sp. 1 
Crenavolva sp. 2 

Globovula cf, cavanaghi (Iredalc, 1931) 

Ovtila ovum (Linnaeus, 1758) 

Phenacovolva sp. 1 

Primovula cf concinna (A. Adams and Reeve, 1848) 
Primovula cf. rutherfordiana C. Cate, 1973 
Primovula sp. 1 

Prosimnia semperi (Weinkauff, 1881) 


Ashmore Reef 

Cartier Reef 

Hibernia Reef 

X 

X 


X 

X 



X 

X 


X 


X 

X 


X 

X 

X 

X 
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X 

X 


X 


X 



X 
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X 
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X 

X 
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X 
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X 
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X 



X 

X 


X 

X 



65 



R. C. Willan 


Species name 


Ashmore Reef Cartier Reef 


FAMILY TRIVIIDAE 

Trivia cf. hordacea (Kiener, 1843) X 

Trivia oryza (Lamarck, 1810) X 

Trivia pilula (Kiener, 1843) 

FAMILY VELUTINIDAE 

Chelyonotus semperi Bergh, 1866 X 

Lamellaria sp. 1 X 

FAMILY RANELLIDAE 

Charonia tritonis (Linnaeus, 1758) X 

Cymalium aqua tile (Reeve, 1844) X 

Cymatium gemmation (Reeve, 1844) X 

Cymatium hepaticum (Rdding, 1798) X 

Cymatium intermedium (Pease, 1869) X 

Cymatium labiosum (Wood, 1828) X 

Cymatium lotorium (Linnaeus, 1758) X 

Cymatium muricinum (Roding, 1798) X 

Cymatium nicobaricum (Roding, 1798) X 

Cymatium pileare (Linnaeus, 1758) X 

Cymatium rubecuhtm (Linnaeus, 1758) X 

Cymatium cf. vespaceum (Lamarck, 1822) X 

Cymatium sp. 1 X 

Gyrineum lacunatum (Mighels, 1845) X 

FAMILY PERSON 1 DAE 

Distorsio amis (Linnaeus, 1758) X 

Distorsio reticulata (Linnaeus, 1758) X 

FAMILY BURSIDAE 

Bursa bufonia (Gmelin, 1791) X 

Bursa cruentata (Sowerby, 1835) X 

Bursa granularis (Roding, 1798) X 

Bursa lamarckii (Deshayes, 1853) X 

Bursa rhodostoma (Beck in Sowerby, 1835) X 

Bursa rosa (Perry, 1811) 

Bursa tuberosissima (Reeve, 1844) 

Tutufa rubeta (Linnaeus, 1758) X 

FAMILY CASSIDAE 

Casmaria erinaceus (Linnaeus, 1758) X 

Casmaria ponderosa (Gmelin, 1791) X 

Cassis cornuta (Linnaeus, 1758) X 

Cypraecassis rufa (Linnaeus, 1758) X 

Phalium bandatum (Perry, 1811) X 

Semicassis glabratum (Dunker, 1852) X 

FAMILY TONN1DAE 

Malea pomum (Linnaeus, 1758) X 

Tonna cepa (Roding, 1798) X 

Toma maculata (Lamarck, 1822) X 

Tonna perdix (Linnaeus, 1758) X 

FAMILY MURICIDAE 

Chicomurex cf. superbus (G.B. Sowerby III, 1889) X 

Chicoreus brunneus (Lamarck, 1807) X 


X 

X 

X 


X 

X 

X 

X 


X 

X 

X 


X 

X 


X 

X 

X 

X 

X 

X 


X 

X 

X 

X 


X 

X 

X 

X 


Hibernia Reef 


X 

X 

X 

X 

X 

X 


X 

X 

X 

X 
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Sahul Shelf molluscs 


Species name 

Ashmore Reef 

Cartier Reef 

Chicoreus cf. torrefactus (Sowerby, 1841) 

X 

X 

Cronia contracta (Reeve, 1846) 

X 


Drupa clathrata (Lamarck, 1816) 

Dnipa morum Roding, 1798 

X 

X 

Drupa ricinus (Linnaeus, 1758) 

X 

X 

Dnipa rubusidaeus Roding, 1798 

X 

X 

Drupina grossularia Roding, 1798 

X 

X 

Dmpella concatenata (Lamarck, 1822) 


X 

DmpeUa contus (Roding, 1798) 

X 

X 

Dmpella mgosa (Bom, 1778) 


X 

Favartia brevicula (Sowerby, 1834) 

X 

X 

Homalacantha anatomica (Perry, 1811) 

Maculotriton Serriale (Dcshayes in Laborde and Linant, 1834) 

X 

X 

MancineUa echinata (Blainvillc, 1832) 

Morula anaxeres (Kiener, 1835) 

X 

X 

Morula biconica (Blainville, 1832) 

X 

X 

Morula dumosa (Conrad, 1837) 


X 

Morula granulate/ (Duclos, 1832) 

X 

X 

Morula margariticola (Broderip, 1832) 

X 

X 

Morula musiva (Kiener, 1835) 

X 

X 

Morula nodicostala (Pease, 1868) 

X 

X 

Morula spinosa (H. and A. Adams, 1853) 

X 

X 

Morula uva (Roding, 1798) 

X 

X 

Morula sp. 1 


X 

Muricodrupa fenestrata (Blainville, 1832) 

X 


Muricodrupa fiscella (Gmelin, 1791) 

X 

X 

Muricodrupa funiculus (Wood, 1828) 


X 

Naquetia triqueter (Born, 1778) 

Pascula ochrostoma (Blainville, 1832) 

X 

X 

Nassa serta (Bruguiere, 1789) 

X 

X 

Thais aculeata (Deshayes, 1841) 


X 

Thais bilubeivularis Lamarck, 1822 


X 

Thais armigera (Link, 1807) 

X 

X 

Thais tuberosa Roding, 1798 

X 

X 

FAMILY CORALLIOPIIILIDAE 

Coralliobia fnnbriata (A. Adams, 1854) 


X 

Coralliophila costularis (Lamarck, 1816) 


X 

Coralliophila inflata (Dunker in Philippi, 1847) 

X 


Coralliophila neritoidea (Lamarck, 1816) 

X 

X 

Mipus erosus (Roding, 1798) 

X 

X 

Neothais clathrata (A. Adams, 1854) 

Quoyula monodonta (Blainville, 1832) 

X 

X 

Rapa rapa (Linnaeus, 1758) 

X 


FAMILY BUCCINIDAE 

Caducifer truncatus (Hinds, 1844) 

X 

X 

Canthams fiumosus (Dillwyn, 1817) 

X 


Cantharus undosus (Linnaeus, 1758) 

X 

X 

Canthams wagneri (Anton, 1839) 


X 

Cantharus sp. 1 


X 

Colubraria muricata (Lightfoot, 1786) 

X 



Hibernia Reef 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 


X 


X 

X 


X 

X 

X 

X 


X 

X 

X 
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R. C. Willan 


Species name 

Colubraria tortuosa (Reeve, 1844) 

Colubraria sp. 1 

Enginei alveolata (Kiener, 1836) 

Engina egregia (Reeve, 1844) 

Engina lineata (Reeve, 1846) 

Engina mendicaria (Linnaeus, 1758) 

Engina cf. spica (Melvill and Standen, 1895) 

Engina zalricium Melvill, 1893 
Engina zonalis (Lamarck, 1822) 

Engina sp. 1 
Engina sp. 2 

Pisania crenilabrum A. Adams, 1855 
Pisania ignea (Gmelin, 1791) 

Pisania iostoma (Gray in Griffith and Pigeon, 1834) 
Pisania truncata (Hinds, 1849) 

PoIIia pulchra (Reeve, 1846) 

FAMILY NASSARI1DAE 

Hebra horrida (Dunker, 1847) 

Nassarius acuticostus (Montrouzier in Souverbie and 
Montrouzier, 1864) 

Nassarius albescens (Dunker, 1849) 

Nassarius arcularius (Linnaeus, 1758) 

Nassarius callospira (A. Adams, 1852) 

Nassarius ceistus (Gould, 1850) 

Nassarius coronatus (Bruguiere, 1789) 

Nassarius eeslilbus (Melvill and Standen, 1896) 
Nassarius fraudulentus (Marrat, 1877) 

Nassarius gaudiosus (Hinds, 1844) 

Nassarius granifer (Kiener, 1834) 

Nassarius oneratus (Deshayes, 1863) 

Nassarius papillosus (Linnaeus, 1758) 

Nassarius pauper (Gould, 1850) 

Nassarius quadrasi (Hidalgo, 1904) 

Nassarius semisulcatus (Rousseau, 1854) 

Nassarius splendidulus (Dunker, 1846) 

Nassarius troendleorum Cemohorsky, 1980 
FAMILY COLUMBELL1DAE 

Aesopus spiculum (Duclos in Chenu, 1846) 

Euplica deshayesi (Crosse, 1859) 

Euplica scripla (Lamarck, 1822) 

Euplica turturina (Lamarck, 1822) 

Euplica various (Sowerby, 1832) 

Mitrella albino (Kiener, 1841) 

Mitrella ligula (Duclos, 1840) 

Mitrella moleculina (Duclos, 1840) 

Mitrella sp. 1 

Pardalina testudinaria (Link, 1807) 

Pictocalumbella ocellata (Link, 1807) 

Pyrene /lava (Bruguiere, 1789) 

Pyrene punctata (Bruguiere, 1789) 


Ashmore Reef 

Cartier Reef 

Hibernia Reef 

X 



X 

X 

X 

X 

X 
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X 

X 

X 

X 

X 

X 

X 
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X 

X 
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X 



X 


X 

X 

X 

X 

X 



X 

X 

X 

X 

X 

X 
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Sahul Shelf molluscs 


Species name 

Ashmore Reef 

Cartier Reef 

Zafra sp. 1 

X 

X 

Zafrona lifuana (Hervier, 1899) 


X 

FAMILY FASCIOLARIIDAE 

Dalicholatirus lancea (Gmelin, 1791) 

X 

X 

Latirolagena smaragdula (Linnaeus, 1758) 

X 

X 

Latirus craticulatus (Linnaeus, 1758) 

X 


Latirus gibbulus (Gmelin, 1791) 

X 


Latirus nodatus (Gmelin, 1791) 

X 


Latirus polygonus (Gmelin, 1791) 

X 

X 

Latirus turritus (Gmelin, 1791) 

X 


Latirus walkeri Melvill, 1893 

Per is tern ia fastigium (Reeve, 1847) 


X 

Peris tern ia incarnata (Kiener, 1840) 

X 

X 

Peristernia nassatula (Lamarck, 1822) 

X 

X 

Peristernia ustulata (Reeve, 1847) 


X 

Peristernia sp. 1 

X 


Pleuroploca filamentosa (Roding, 1798) 

X 


Pleuroploca trapezium (Linnaeus, 1758) 

X 


FAMILY TURB1NELL1DAE 

Vasum ceramicum (Linnaeus, 1758) 

X 

X 

Vasum turbinellum (Linnaeus, 1758) 

X 

X 

FAMILY M1TRIDAE 

Concilia cf clathrus (Gmelin, 1791) 


X 

Concilia filaris (Linnaeus, 1771) 

X 


Concilia gloriola Cemohorsky, 1970 

X 


Concilia incarnata (Reeve, 1845) 


X 

Concilia papilio (Link, 1807) 

X 


Concilia praestantissima (Roding, 1798) 

X 


Imbricaria olivaeformis (Swainson, 1821) 

X 

X 

Imbricaria punctata (Swainson. 1821) 

X 

X 

Mirra acuminata Swainson, 1820 

Mitra ambigua Swainson. 1829 

X 


Mitra assimilis Pease, 1868 

X 

X 

Mitra aurora floridula Sowerby, 1874 

X 


Mitra cardincdis (Gmelin, 1791) 

X 

X 

Mitra chrysalis Reeve, 1844 

X 


Mitra coarctata Reeve, 1844 


X 

Mitra coffea Schubert and Wagner, 1829 

X 


Mitra contractu Swainson, 1820 


X 

Mitra coronata Lamarck, 1811 

X 


Mitra cucmerina (Lamarck, 1811) 

X 


Mitra eremitarum Roding, 1798 

X 


Mitra ferruginea Lamarck, 1811 


X 

Mitra fraga Quoy and Gaimard, 1833 

X 


Mitra fulvescens Broderip, 1836 


X 

Mitra incompta Lightfoot, 1786 


X 

Mitra luctuosa A. Adams, 1853 

X 

X 

Mitra mitra Linnaeus, 1758 

X 

X 

Mitra papalis (Linnaeus, 1758) 

X 


Mitra peculiaris Reeve, 1845 


X 


Hibernia Reef 


X 


X 

X 

X 

X 

X 

X 


X 


X 
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R.C. Willan 


Species name 


Ashmore Reef Cartier Reef 


Mitra procissa Reeve, 1844 
Mitra stictica (Link, 1807) 

Mitra tabanula Lamarck, 1811 
Mitra sp. 1 

Pterygia dactylus (Linnaeus, 1767) 

Pterygia nucea (Gmelin, 1791) 

Pterygia scabricula (Linnaeus, 1758) 

Scabricola cf. fissurala (Lamarck, 1811) 
Scabricola fusca (Swainson, 1824) 

Strigatella litterata Lamarck, 1811 
Strigatella paupercula (Linnaeus, 1758) 
Strigatella sp. 1 
FAMILY COSTELLARI1DAE 
Thala jaculanda (Gould, 1860) 

Tbala mirifwa (Reeve, 1845) 

Vexillum atireolineatum Turner, 1988 
Vexillum cadaverosum (Reeve, 1844) 

Vexillum cancellarioides (Anton, 1839) 

Vexillum cingulatum (Lamarck, 1811) 

Vexillum consanguineum (Reeve, 1845) 

Vexillum coronatum (Helbling, 1779) 

Vexillum crocatum (Lamarck, 1811) 

Vexillum deshayesii (Reeve, 1844) 

Vexillum discolorium (Reeve, 1845) 

Vexillum exasperatum (Gmelin, 1791) 

Vexillum cf. festum (Reeve, 1845) 

Vexillum gruneri (Reeve, 1844) 

Vexillum hervieri (Dautzenberg and Bouge, 1923) 
Vexillum interruptum (Anton, 1839) 

Vexillum leucodesmum (Reeve, 1845) 

Vexillum lubens (Reeve, 1845) 

Vexillum modes turn (Reeve, 1845) 

Vexillum pacificum (Reeve, 1845) 

Vexillum pardalis (Kuster, 1841) 

Vexillum patriarchalis (Gmelin, 1791) 

Vexillum cf rugosum (Gmelin, 1791) 

Vexillum rusticum (Reeve, 1845) 

Vexillum sanguisugum (Linnaeus, 1758) 

Vexillum speciosum (Reeve, 1844) 

Vexillum cf. suavis (Souverbie, 1875) 

Vexillum imifasciatum (Wood, 1828) 

Vexillum turbert (Reeve, 1844) 

Vexillum vulpecula (Linnaeus, 1758) 

Vexillum sp. 1 
FAMILY OL1V1DAE 

Oliva annulata (Gmelin, 1791) 

Oliva caerulea (Roding, 1798) 

Oliva carneola (Gmelin, 1791) 

Oliva guttata Fisher von Waldheim, 1807 
Oliva miniacea (Roding, 1798) 


X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 


X 

X 

X 


X 

X 

X 


X 


X 


X 


X 


X 


X 


Hibernia Reef 


X 


X 

X 


X 

X 

X 

X 

X 


X 


X 


X 

X 

X 

X 

X 
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Sahul Shelf molluscs 


Species name 


Ashmore Reef Cartier Reef 


Oliva paxillus Reeve, 1850 X 

Oliva tremulina Lamarck, 1818 X 

Oliva vidua (Roding, 1798) X 

Oliva sp. 1 X 

FAMILY HARP1DAE 

Harpa amouretta Roding, 1798 X 

Harpa harpa (Linnaeus, 1758) 

FAMILY VOLUTIDAE 

Amoria cf. damonii Gray, 1846 X 

Amoria cf grayi { Ludbrook, 1953) X 

Amoria spenceriana (Gatliff, 1908) X 

Cymbiola baili Musetti and Raybaudi-Massilia, 1996 X 

Mela cf. aethiopica (Linnaeus, 1758) X 


FAMILY MARGINELLIDAE 
"Marginella " sp. 1 
FAMILY CONIDAE 

Conus arenalus Flwass in Bruguiere, 1792 X 

Conus artrpus Sowerby, 1 833 

Conus aureus Hwass in Bruguiere, 1792 

Conus auricomus Hwass in Bruguiere, 1792 


Conus aurisiacus Linne, 1758 
Conus balleatus Sowerby, 1833 

Conus bandanas Hwass in Bruguiere, 1792 X 

Conus bullatus Linne, 1758 

Conus canonicus Hwass in Bruguiere, 1792 X 

Conus capilaneus Linnaeus, 1758 X 

Conus catus Hwass in Bruguiere, 1792 X 

Conus chaldeus (Roding, 1798) X 


Conus chiangi (Azuma, 1972) 
Conus circumcisus Born, 1778 
Conus cf. circumactus Iredale, 1929 
Conus coccineus Gmelin, 1791 


Conus cojfeae Gmelin, 1791 X 

Conus coronatus Gmelin, 1791 X 

Conus crocatus Lamarck, 1810 

Conus distans Hwass in Bruguiere, 1792 X 

Conus ehraeus Linnaeus, 1758 X 

Conus eburneus Hwass in Bruguiere, 1792 X 

Conus episcopatus da Motta, 1982 X 

Conus flavidus Lamarck, 1810 X 

Conus frigidus Reeve, 1848 X 

Conus generalis Linnaeus, 1767 X 

Conus geographus Linnaeus, 1758 X 

Conus glans Flwass in Bruguiere, 1792 X 

Conus granum R6ckel and FischSder, 1985 

Conus imperials Linnaeus, 1758 X 

Conus legalus Lamarck, 1810 X 

Conus leopardus Roding, 1798 X 

Conus liloglyphus Hwass in Bruguiere, 1792 X 

Conus liiteratus Linnaeus, 1758 X 


X 


X 

X 


X 

X 
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X 
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X 
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Hibernia Reef 
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Species name 

Conus lividus Hwass in Bruguiere, 1792 
Conus magnifwus Reeve, 1843 
Conus magus Linnaeus, 1758 
Conus marmoreus Linnaeus, 1758 
Conus miles Linnaeus, 1758 
Conus miliaris Hwass in Bruguiere, 1792 
Conus monachus Linne, 1758 
Conus moreleti Crosse, 1858 
Conus morrisoni (Raybaudi-Massilia, 1991) 
Conus murictilalus Sowerby, 1833 
Conus musicus Hwass in Bruguiere, 1792 
Conus mustelinus Hwass in Bruguiere, 1792 
Conus nucleus Reeve, 1848 
Conus nussatella Linnaeus, 1758 
Conus obscurus Sowerby, 1833 
Conus omaria Hwass in Bruguiere, 1792 
Conus parvulus Link, 1807 
Conus pennaceus Bom, 1778 
Conus pertusus Hwass in Bruguiere, 1792 
Conus planorliis Born, 1778 
Conus pulicarius Hwass in Bruguiere, 1792 
Conus quercinus Lightfoot, 1786 
Conus rattus Hwass in Bruguiere, 1792 
Conus sanguinolentus Quoy and Gaimard, 1834 
Conus cf sibogae Schepman, 1913 
Conus spectrum Linnaeus, 1758 
Conus sponsalis Hwass in Bruguiere, 1792 
Conus stercusmuscarum Linnaeus, 1758 
Conus striatellus Link, 1807 
Conus striatus Linnaeus, 1758 
Conus slriolatus Kiener. 1845 
Conus tenuistriatus Sowerby, 1858 
Conus terebra Born, 1778 
Conus tessulatus Bom, 1778 
Conus textile Linnaeus, 1758 
Conus tulipa Linnaeus, 1758 
Conus varius Linnaeus, 1758 
Conus vexillunt Gmelin, 1791 
Conus virgo Linnaeus, 1758 
Conus vitulinus Hwass in Bruguiere, 1792 
FAMILY TEREBR1DAE 

Hastula albula (Menke, 1843) 

Hastula lanceata (Linnaeus, 1767) 

Hastula sp. I 

Terebra affinis Gray, 1834 
Terebra areolata (Link, 1807) 

Terebra argus Hinds, 1844 
Terebra babylonia Lamarck, 1822 
Terebra cerithina Lamarck, 1822 


Ashmore Reef 

Cartier Reef 

Hibernia Reef 

X 

X 

X 



X 
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X 
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Sahul Shelf molluscs 


Species name 


Ashmore Reef Cartier Reef 


Terebra chlorata Lamarck, 1822 
Terebra columellaris (Hinds, 1844) 

Terebra conspersa Hinds, 1844 
Terebra crenulata (Linnaeus, 1758) 

Terebra dimidiata (Linnaeus, 1758) 

Terebra felina (Dillwyn, 1817) 

Terebra Jimictilata Hinds, 1844 
Terebra guttata (Rolling, 1798) 

Terebra maculata (Linnaeus, 1758) 

Terebra nebulosa Sowerby, 1825 
Terebra subulata (Linnaeus. 1767) 

Terenolla pygmaea (Hinds, 1844) 

FAMILY TURRIDAE 

Claws bilineatus (Reeve, 1845) 

Claws canicularis (Roding, 1798) 

Clavus lamberti (Montrouzier, 1860) 

Claws unizonalis (Lamarck, 1822) 

Clavus sp. 1 
Claws sp. 2 

Eucithara arenivaga Hedley, 1922 
EUcithara Juniculata (Reeve, 1846) 

Eucithara stromboides (Reeve, 1846) 
Eucithara sp. I 

Iredalea pygmaea (Dunker, I860) 

Lienardia cf. fatsaria Hedley, 1922 
Licnardia rubida (Hinds, 1844) 

Lophiotoma acuta (Perry, 1811) 

Mitromarpha atramentosa (Reeve, 1849) 
Pseudadaphnella philippinensis (Reeve, 1843) 
Pseudadaphnella sp. 1 

Turridrupa acutigemmata (E.A. Smith, 1877) 
Turridrupa bijubata (Reeve, 1843) 

Turns babylonia (Linnaeus, 1758) 

Turris spectabilis (Reeve, 1843) 

Xenoturris cingulifera (Lamarck, 1822) 

FA M1LY A RC HITECTONICID A E 
Heliacus variegatus (Gmelin, 1791) 

Philippia radiata (Roding, 1798) 

FAMILY EPITONIIDAE 

Epitonium alatum (Sowerby, 1844) 

Eptionium lameUosum (Lamarck, 1822) 
Epitonium sp. 1 
FAMILY PYRAM1DELLIDAE 

Otopleura auriscati (Holten, 1802) 

Otopleura mitral is (A. Adams, 1855) 
Pyramidetla acus (Gmelin, 1791) 

Pyramidella terebellum (Muller, 1774) 
Pyramidetla teres A. Adams, 1855 
Pyramidella sp. 1 
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Hibernia Reef 
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R. C. Willan 


Species name 


Ashmore Reef Cartier Reef Hibernia Reef 


FAMILY DIAPHANIDAE 

Colpodaspis thompsoni Brown, 1979 X 

FAMILY ACTEON1DAE 

Pupa solidula (Linnaeus, 1758) X 

Pupa sulcata (Gmelin, 1791) X 

FAMILY HYDATINIDAE 

Hydatina amplustre (Linnaeus, 1758) 

Hydatina phvsis (Linnaeus, 1758) 

FAMILY CYLICHNIDAE 

Adanmestia arachis (Quoy and Gaimard, 1833) 


Tornatina cf decoraia Pilsbry, 1904 X 

FAMILY AGLAJIDAE 

Chelidonura amoena Bergh, 1905 X 

Chelidonura hinmdinina (Quoy and Gaimard, 1833) X 

Chelidonura pallida Risbec, 1951 X 

Chelidonura tsurugensis Baba and Abe, 1959 

Chelidonura sp. 1 X 

Chelidonura sp. 2 X 

Melanochlamys sp. 1 
Philinopsis sp. 1 
FAMILY GASTROPTERIDAE 


Sagaminopteron psychedelicum Carlson and Hoff, 1974 X 

FAMILY BULLIDAE 

Bulla punctulata A. Adams in Sowerby, 1850 X 

Bulla vemicosa Gould, 1859 X 

FAMILY HAMINOEIDAE 

Atys cylindricus (Helbling, 1779) X 

Atys naucum (Linnaeus, 1758) X 

Atys semistriatus Pease, 1860 X 

Atys sp. 1 X 

Haminoea cymbalum (Quoy and Gaimard, 1833) 

Haminoea sp. 1 X 

FAMILY SMARAGDINELLIDAE 


Phanerophthalmus smaragdinus (Ruppell and Leuckart, 1830) 
FAMILY APLYSIIDAE 

Aplysia parvula Guilding in Morch, 1863 
Dolabrifera dolabrifera (Cuvier, 1817) 

Petalifera sp. 1 
FAMILY CAVOLINIIDAE 

Cavolinia tridentata (Forsskal. 1775) 

Cavolinia uncinata (Orbigny, 1836) 

Diacavolinia longirostris (Blainville, 1821) 

FAMILY PLAKOBRANCHIDAE 

Elysia cf. arena Carlson and Hoff, 1977 
Elysia cf. trisinuata Baba, 1949 
Elysia sp. 1 

Elysiella pusilla Bergh, 1872 
Plakobranchus ocellatus Hasselt, 1824 
Thuridilla bayeri (Er. Marcus, 1965) 

Thuridilla coerulea (Kelaart, 1859) 

Thuridilla vatae Risbec, 1928 
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Sahul Shelf molluscs 


Species name 


Ashmore Reef Cartier Reef 


FAMILY PLEUROBRANCHIDAE 
Berthella martensi (Pilsbry, 1896) 

Berthellina citrina (Riippell and Leuckart, 1828) 
Pleurobranchus cf. forskalii Riippell and Leuckart, 1828 
Pleurobranchus sp. 1 
Pleurobranchus sp. 2 
FAMILY HEXABRANCHIDAE 

Hexabranchus sanguineus (Riippell and Leuckart, 1830) 
FAMILY POLYCER1DAE 

Nembrotha crista/a Bergh, 1877 
Nembrotha cf. kubaryana Bergh, 1877 
Nembrotha rubropapulosa Bergh, 1905 
Nembrotha sp. 1 
Nembrotha sp. 2 

Roboastra gracilis (Bergh, 1877) 

Thecacera picta Baba, 1972 
FAMILY GONIODORIDIDAE 

Goniodoridella savigttyi (Pruvot-Fol, 1933) 

FAMILY GYMNODORID1DAE 
Gymnodoris alba (Bergh, 1877) 

Gymnodoris cf. sub/lava Baba, 1949 
Gymnodoris cf. okinawae Baba, 1936 
Gymnodoris sp. 1 
FAMILY AEGIR1DAE 

Notodoris cf. minor Eliot, 1904 
FAMILY DORID1DAE 
Doris sp. 1 

FAMILY DISCODORIDIDAE 

Discodoris bdholiertsis Bergh, 1877 
Discodoris fragilis (Alder and Hancock, 1864) 
Discodoris sp. 1 

Halgerda tessellata (Bergh, 1880) 

Jorunna fitnebris (Kelaart. 1858) 

Joruntta Sp. 1 

Platydoris cruenla (Quoy and Gaimard, 1832) 
Platydoris scabra (Cuvier, 1804) 

FAMILY CHROMODORIDIDAE 

Ceratosoma comigerum A. Adams and Reeve, 1850 
Chromodoris annae Bergh, 1877 
Chromodoris cf. aspersa (Gould, 1852) 

Chromodoris bullockii Collingwood, 1881 
Chromodoris decora (Pease, 1860) 

Chromodoris geometrica Risbec, 1928 
Chromodoris michaeli Gosliner and Behrens, 1998 
Chromodoris verrieri (Crosse, 1875) 

Chromodoris sp. I 

Durvilledoris trilineata (A. Adams and Reeve, 1850) 
Glossodoris atrotnarginata (Cuvier, 1804) 

Glossodoris cincta (Bergh, 1888) 

Glossodoris rufomarginata (Bergh, 1890) 
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R. C. Willan 


Species name 


Ashmore Reef Cartier Reef Hibernia Reef 


Hypselodoris cf. daniellae Kay and Young, 1969 
Hypselodoris maculosa (Pease, 1871) 

Miamira sinuata Hasselt, 1824 
Noumea romeri Risbec, 1928 
Noumea cf. various (Pease, 1861) 

Orodoris miamirana Bergh, 1875 
FAMILY DENDRODORID1DAE 
Dendrodoris nigra (Stimpson, 1855) 

Dendrodoris tuberculosa (Quoy and Gaimard, 1832) 
FAMILY PHYLLID11DAE 

Phyllidia coelestis Bergh, 1905 
Phvllidia elegans Bergh, 1869 
Phyllidia ocellata Cuvier, 1804 
Phyllidia varicosa Lamarck, 1801 
Phyllidia cf varicosa Lamarck, 1801 
Phyllidia sp. 1 

Phyllidiella nigra (Hasselt, 1824) 

Phyllidiella pustulosa (Cuvier, 1804) 

Phyllidiopsis cf. krempfi Pruvot-Fol, 1957 
Phyllidiopsis striata Bergh, 1888 
FAMILY TETYHD1DAE 

Melibe cf. pilosa Pease, 1860 
FAMILY SCYLLAEl DAE 

Scyllaea pelagica Linnaeus, 1758 
FAMILY ZEPHYRINIDAE 
Janolus sp. 1 

FAMILY DORIDOMORPHIDAE 
Doridomorpha gardineri Eliot, 1903 
FAMILY FLABELLINIDAE 

Flabellina bicolor (Kelaart, 1858) 

Flabellina sp. 1 
FAMILY FACEL1NIDAE 
Cratena sp. 1 

Moridilla brockii Bergh, 1888 
Phyllodesmium colemani Rudman, 1991 
Pteraeolidia ianthina (Angas, 1864) 
FAMILYTERGIPEDIDIDAE 
Cuthona sp. 1 
Cuthona sp. 2 

Phestilla minor Rudman, 1987 
Tergipes sp. 1 
FAMILY AEOLIDIIDAE 
Aeolidia sp. 1 
Aeolidiopsis sp. 1 
FAMILY FIONIDAE 

Fiona pinnata (Eschscholtz, 1831) 

FAMILY ELLOB1IDAE 

Allochroa layardi (A. Adams, 1855) 

Melampus cristatus Pfeiffer, 1855 
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Sahul Shelf molluscs 


Species name 

FAMILY ONCHIDIIDAE 
Onchidium sp. 1 
Peronia sp. 1 
CLASS BIVALVIA 
FAMILY SOLEMYIDAE 
Sokmya sp. 1 
FAMILY ARCIDAE 

Anadara antiqtiata (Linnaeus, 1758) 

Area avellana Lamarck, 1819 
Area ventricosa Lamarck, 1819 
Area sp. i 

Barbatia amygdalumtostum (Roding, 1798) 
Barbatia decussata (Sowerby, 1833) 
Barbatia cf helblingii (Bruguiere, 1789) 
Barbatia obliquata (Wood, 1828) 

Barbatia plicata (Dillwyn, 1817) 

FAMILY GLYCYMERIDIDAE 

Tucetona pectunculus (Linnaeus, 1758) 
FAMILY MYTILIDAE 
Crenella sp. 1 
Lithophaga sp. 1 

Modiolus auriculatus Krauss, 1848 
Modiolus sp. I 

Septifer bilocularis (Linnaeus, 1758) 
FAMILY GRYPHAEIDAE 

Hyotissa hyotis (Linnaeus, 1758) 
Parahyotissa imbricata (Lamarck, 1819) 
FAMILY OSTRE1DAE 

Lopha cristagalli (Linnaeus, 1758) 
Saceostrea cueullata (Born, 1778) 

FAMILY PTERII DAE 

Eleetroma physoides (Lamarck, 1819) 
Pinctada margarilifera (Linnaeus, 1758) 
Pinctada sp. 1 

Pteria cf. avicula (Holten, 1802) 

Pteria cf. levitata (Iredale, 1939) 

Pteria peasei (Dunker, 1872) 

Pteria penguin (Roding, 1798) 

Pteria sp. I 

FAMILY MALLE1DAE 

Vulsella vulsella (Linnaeus, 1758) 

FAMILY ISOGNOMONIDAE 
Crenatula picta (Gmelin, 1791) 

Isognomon isognomum (Linnaeus, 1758) 
Isognomon legumen (Gmelin, 1791) 
Isognomon cf. rnarsupialis (Roding, 1798) 
Isognomon nucleus (Lamarck, 1819) 


Ashmore Reef 

Cartier Reef 

Hibernia Reef 
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R. C. Willan 


Species name 


Ashmore Reef 


Cartier Reef 


FAMILY PINNIDAE 

Atrina pectinala (Linnaeus, 1767) 

Atrina vexillum (Bom, 1778) 

Pinna bicolor Gmelin, 1791 
Pinna muricata Linnaeus, 1758 
Streptopinna saccata (Linnaeus. 1758) 

FAMILY LIMIDAE 

Ctenoides annulata (Lamarck, 1819) 

Lima Puna vulgaris (Link, 1807) 

Limaria fragilis (Gmelin, 1791) 

FAMILY PECTINIDAE 

Chlamys irregularis (Sowerby, 1842) 

ComptopaUium radula (Linnaeus, 1758) 

Comptopallium cf. vexillum (Reeve, 1853) 
Excellichlamys speclahilis (Reeve, 1853) 

Gloripallium pallium (Linnaeus, 1758) 

Laevichlamys cuneala (Reeve, 1853) 

Mirapecten rastellum (Lamarck, 1819) 

Pedum spondyloidetim (Gmelin, 1791) 

Scaeochlamys squamosa (Gmelin, 1791) 

Semipallium erection Iredale, 1939 

Semipallium fulvicostaium (A. Adams and Reeve, 1850) 


Semipallium tigris (Lamarck, 1819) 

FAMILY SPONDYL1DAE 

Spondylus foliaceus Schreibers, 1793 X 

Spondylus nicobaricus Schreibers, 1793 X 

Spondylus sinensis Schreibers, 1793 X 

Spondylus sp. 1 
FAMILY PLICATULIDAE 

Plicatula australis Lamarck, 1819 X 

FAMILY LUCINIDAE 

Codakia interrupta (Lamarck, 1816) X 

Codakia punctata (Linnaeus, 1758) X 

Codakia tigerina (Linnaeus, 1758) X 

Codakia sp. 1 

Ctena bella (Conrad, 1834) X 


Lucinid sp. 1 
Lucinid sp. 2 
Myrtea sp. I 
Nevenulora sp. 1 

Wallucina sp. 1 X 

FAMILY UNGUL1NIDAE 

Anodontia sp. 1 X 

Diplodonta sp. 1 X 

FAMILY ERYCINIDAE 
Erycina sp. 1 

Kellia sp. 1 X 

FAMILY MONTACUTIDAE 

Myse/la sp. 1 X 
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Sahul Shelf molluscs 


Species name 


Ashmore Reef Cartier Reef Hibernia Reef 


FAMILY GALEOMMAT1DAE 
?Scintillc r sp. 1 
FAMILY CARDITIDAE 

Cardita muricata Sowerby, 1832 
Cardita variegata Bruguiere, 1792 
Venericardia cardioides (Reeve, 1843) 

FAMILY CARD11DAE 

Acrosterigma altematum (Sowerby, 1841) 
Acrosterigma sp. 1 
Corculum cardissa (Linnaeus, 1758) 
Fragumfragum (Linnaeus, 1758) 

Fragunt unedo (Linnaeus, 1758) 

Fragum sp. 1 

Fulvia australis (Sowerby, 1841) 

Microfragum festivum (Deshayes, 1855) 
Vasticardium angulation (Lamarck, 1819) 
Vasticardium elongation (Bruguiere, 1789) 
Vasticardium orbita philippinense (Hedley, 1899) 
FAMILY TRIDACNIDAE 

Hippopus hippopus (Linnaeus, 1758) 

Tridacna crocea Lamarck, 1819 
Tridacna gigas (Linnaeus, 1758) 

Tridacna maxima (Roding, 1798) 

Tridacna squamosa Lamarck, 1819 
FAMILY FIMBRIIDAE 

Fimbria fimbriata (Linnaeus, 1758) 

Fimbria souverbii (Reeve, 1842) 

FAMILY Cl 1AMIDAE 

Cliama fibula Reeve, 1846 
Chama limbula Lamarck, 1819 
Cliama pacifica Broderip, 1834 
Chama lazarus (Linnaeus, 1758) 

Cliama sp. 1 

FAMILY PSAMMOB1IDAE 

Asaphis violascens (ForsskM, 1775) 

Gari maculosa (Lamarck, 1818) 

Gari occidens (Gmelin, 1791) 

Gari pennata (Deshayes, 1855) 

Gari squamosa (Lamarck, 1818) 

FAMILY TELL1N1DAE 

Cadella diluta E.A. Smith, 1885 
Cadella sp. 1 
Elliptotellina sp. 1 
Exotica virgulata (Hanley, 1844) 

Macoma dispar (Conrad, 1837) 

Pinguitellina robusta (Hanley, 1844) 

Quadrans gaigardia (Linnaeus, 1758) 
Scutarcopagia remies (Linnaeus, 1758) 
Scutarcopagia scobinata (Linnaeus, 1758) 
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R. C. Willan 


Species name 

Ashmore Reef 

Cartier Reef 

Hibernia Reef 

Tellina bougei Sowerby, 1909 



X 

Tellina chloroleuca Lamarck, 1818 



X 

Tellina cf compacta E.A. Smith, 1885 

X 

X 


Tellina crucigera Lamarck, 1818 

X 


X 

Tellina exculata Gould, 1850 

X 

X 

X 

Tellina perna Spengler, 1798 

X 

X 


Tellina pharaonis Hanley, 1844 

X 



Tellina rastellum Hanley, 1844 


X 

X 

Tellina rostrata Linnaeus, 1758 

X 



Tellina tongana Quoy and Gaimard, 1835 



X 

Tellina cf. valtonis Hanley, 1844 

X 



Tellina virgata Linnaeus, 1758 

X 



Tellina sp. 1 

X 

X 

X 

Tellina sp. 2 



X 

FAMILY SEMELIDAE 




Leptomya psittacus Hanley, 1844 

X 



Semele lamellosa (Sowerby, 1830) 

X 



Semele zebnensis (Hanley, 1843) 



X 

Semele sp. 1 



X 

FAMILY VENERI DAE 




Circe cf. nummulina (Lamarck, 1818) 

X 



Dosinia cf. histrio (Gmelin, 1791) 


X 

X 

Gafrarium dispar (Holten. 1802) 


X 


Gafrarium intermedium (Reeve, 1846) 

X 



Globivenus toreuma (Gould, 1850) 

X 

X 

X 

Lioconcha castrensis (Linnaeus, 1758) 


X 

X 

Lioconcha sp. 1 

X 



Periglypta resticulata (Sowerby, 1853) 

X 



Periglypta reticulata (Linnaeus, 1758) 


X 

X 

Periglypta cf. reticulata (Linnaeus, 1758) 

X 



Periglypta sp. 1 


X 


Pilar cf. prora (Conrad, 1837) 

X 



Pilar spoori Lamprell and Whitehead, 1990 



X 

Pilar subpellucidus (Sowerby, 1851) 

X 

X 


Pilar sp. 1 


X 

X 

Timoclea marica (Linnaeus, 1758) 


X 


FAMILY TRAPEZIDAE 




Trapezium bicarinatum (Schumacher, 1817) 

X 



Trapezium obesum (Reeve, 1843) 


X 


FAMILY MACTR1DAE 




Mactra abbreviate Lamarck, 1819 

X 



Mactra artensis Montrouzier in Fischer, 1850 

X 



Mactra maculate Gmelin, 1791 

X 

X 


Oxyperas aspersa (Sowerby, 1825) 

X 



FAMILY MESODESMATIDAE 




Atactodea striata (Gmelin, 1791) 

X 

X 


Davila plana (Hanley, 1843) 

X 

X 



80 



Sahul Shelf molluscs 


Species name 


Ashmore Reef Cartier Reef 


FAMILY CORBUL1DAE 

Anisocorbula tahitensis (Lamarck, 1818) 
FAMILY GASTROCHAENI DAE 

Cucurbita cymbium (Spengler, 1783) 
Gastrochaena cf cuneiformis (Spengler, 1783) 
CLASS SCAPHOPODA 
FAMILY DENTAL11 DAE 

Graptacme acicuhun (Gould, 1859) 

CLASS CEPHALOPODA 
FAMILY NAUTILIDAE 

Nautilus pompilius Linnaeus, 1758 
FAMILY SPIRULIDAE 

Spirula spirula (Linnaeus, 1758) 

FAMILY SEPIIDAE 
Sepia ajf. apama 
Sepia cottoni Adam, 1979 
Sepia elliptica Hoyle, 1885 
Sepia latimanus Quoy and Gaimard, 1832 
Sepia papuensis Hoyle, 1885 
Sepia pharaonis Ehrenberg, 1831 
FAMILY SEPIOLIDAE 

Idiosepius pygmaeus Steenstrup, 1881 
Sepiola sp. I 

FAMILY OCTOPODIDAE 
Octopus sp. 1 
Octopus sp. 2 
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Hibernia Reef 
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ABSTRACT 

This paper reviews the fishes of Ashmore, Cartier and Hibernia Reefs, based on published records and on field 
collecting undertaken by the Museum and Art Gallery of the Northern Territory and the Western Australian Museum 
since 1983. A total of 924 species from 92 families is recorded from the Sahul Shelf reefs, including 757 species 
(81.9% of total) from Ashmore Reef, 410 species (44.4% of total) from Cartier Reef and 348 (37.7% of total) from 
Hibernia Reef. The differences in species richness between the reefs is due mainly to the much greater sampling 
effort at Ashmore Reef compared with Cartier and Hibernia Reefs, and further collecting effort at the latter localities 
will undoubtedly reveal more species. Compared with other north-western Australian reefs, Ashmore Reef has the 
greatest diversity of marine fishes. Ashmore Reef’s location near the Indonesian archipelago - which has the world’s 
most diverse fish fauna - is probably responsible for this high diversity. The atolls and reefs to the south (Seringapatam 
Reef, Scott Reef and Rowley Shoals) have progressively few er species. Ashmore Reef’s outer reef slope fishes are 
noticeably distinct from those inhabiting the Scott/Seringapatam Reefs and Rowley Shoals complex. However, the 
lagoonal fauna of Ashmore Reef is more closely related to that of Scott/Seringapatam Reef than to that of Rowley 
Shoals. Habitat differences between the three areas most likely contribute to these discrepancies. 

Keywords: Fishes, Sahul Shelf, Ashmore Reef, Cartier Reef. Hibernia Reef, species diversity. 


INTRODUCTION 

The coral reefs of the Sahul Shelf of north-western 
Australia are some of the most remote and inaccessible 
offshore parts of Australia. The three emergent reefs, 
Ashmore, Cartier and Hibernia, lie on the north-western¬ 
most extent of the Australian continental shelf. To the 
north, the Sahul Shelf is separated from the Indonesian 
islands of Timor and Roti by a narrow deep-water 
trench, only 80 nautical miles wide at its narrowest, 
and to the west is the open extent of the northern Indian 
Ocean. To the south lie the North-west Shelf of Australia 
and a chain of outer shelf reefs: Seringapatam Reef, 
Scott Reefs, and Rowley Shoals. Because of their close 
proximity to the Indonesian archipelago, and the 
presence of a strong south flowing current, the 
Indonesian Through Flow, the Sahul reefs provide the 
initial stepping-stones between the diverse fauna of the 
Indonesian archipelago and north-western Australia. For 
this reason the area is of considerable biogeographical 
interest. 

This paper reports the results of comprehensive fish 
collections from Ashmore Reef, Cartier Reef and 
Flibernia Reef made over the past three decades (Table 
1). Previous collections were made by J.E. McCosker, 
who visited Ashmore Reef and Cartier Reef in December 


1972 - January 1973 aboard the research vessel Alpha 
Helix. The only published results from that expedition 
include a list of about 45 fish species found as gut content 
items in sea snakes (McCosker 1975). These specimens 
and a number of collections of other reef fishes, from 
Ashmore Reef and Cartier Reef, are deposited at the 
Scripps Institute of Oceanography (SIO), La Jolla, 
California and at the California Academy of Sciences 
(CAS), San Francisco (J.E. McCosker pers. com.). 

Scientists from the Museum and Art Gallery of the 
Northern Territory (NTM) also made a number of trips 
to the area. The senior author (BCR) visited Ashmore Reef 
briefly in February 1984, and in April and September 1987 
he undertook more extensive surveys of the fishes as part 
of a study of the impact of Indonesian fishing at Ashmore 
Reef (Russell and Vail 1988; Vail and Russell 1989). In 
July 1986 and September 1987, H.K. Larson collected 
fishes at Ashmore Reef, and in March 1990 she also visited 
Cartier Reef as part of a marine archaeological expedition 
and made a number offish collections. InMay 1992,BCR 
led an expedition by the NTM to Cartier Reef and Hibernia 
Reef (Russell and Flanley 1993). During the 1992 
expedition a total of 16 fish collections were made at 
Cartier Reef, with a further 20 collections at Hibernia Reef, 
the latter representing the first significant collections of 
fishes from this little-visited reef (Russell 1993). 
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Other notable fish collections were made by G.R. 
Allen during expeditions by the Western Australian 
Museum (WAM) to Ashmore and Cartier Reefs in 
September 1986 (Allen 1993) to Ashmore. Cartier and 
Hibernia Reefs in September 1994 (Allen 1996) and to 
Hibernia and Cartier Reefs in 1998 (Allen 1999). Other 
fish collecting by WAM was undertaken at Ashmore 
Reef by J.B. Hutchins, in September-October 1997 
(Hutchins 1998). 


Table 1. Number of collecting stations made by expeditions to 
reefs of the Sahul Shelf (ns - not stated). 


Expedition 

Ashmore 

Reef 

Cartier 

Reef 

Hibernia 

Reef 

Alpha Helix 

8 

3 

- 

(Dec. 1972 -Jan. 1973) 
NTM (Feb. 1984) 

1 

. 

_ 

NTM (July 1986) 

28 

- 

- 

WAM (Sept. 1986) 

20 

5 

- 

NTM (April 1987) 

22 

- 

- 

NTM (Sept. 1987) 

44 

- 

- 

NTM (March 1990) 

- 

5 

- 

NTM (May 1992) 

- 

16 

20 

WAM (Sept. 1994) 

ns 

ns 

ns 

WAM (Sept. - Oct. 1997) 

30 

- 

- 

WAM (Sept. 1998) 

- 

ns 

ns 

NTM (other) 

17 

2 

- 

Total 

170+ 

31 + 

20+ 


Collections were made mainly by SCUBA diving 
using a chemical ichthyocide (powdered rotenone). A 
few specimens were also obtained by dip net and hand 
net (at night), mini-spear, and hook and line. In addition, 
a number of records were added on the basis of 
underwater observations utilising snorkel and SCUBA 
equipment, or photographs. 

The results of the combined fish collecting efforts 
by the NTM and WAM are summarised here. The list 
of species presented below (Appendix 1) contains fishes 
collected or observed during all previous expeditions. 
It includes previously published records as well as the 
largely unreported collections of the Alpha Helix 
expedition in the CAS and SIO, examined by BCR in 
1999, and collections in the NTM. 

RESULTS AND DISCUSSION 

The list of fish species (Appendix 1) for Ashmore, 
Cartier and Hibernia reefs contains a total of 924 species 
in 92 families. The great majority of these are shallow 
water benthic taxa that typically inhabit depths down to 
about 100 m. These shore fish families are widely 
distributed throughout the tropical Indo-West Pacific 
(Springer 1982). 

The composition of the fish fauna of the outer shelf 
reefs of north-western Australia, at least at the genus 
level, is generally similar to that of other reef areas in 


the tropical Indo-west Pacific (Allen 1993). There is no 
indication of any significant endemism at Ashmore, 
Cartier or Hibernia Reefs, and only two species are 
presently known only from the region: a single 
undescribed species of Notograptus (Notograptidae) 
from Ashmore and Cartier Reefs, and a recently 
described wrasse, Cirrhilabrus morrisoni (Labridae), 
from Hibernia Reef. However, it is likely that further 
collecting in Indonesia will probably reveal the 
occurrence of these species there also. The marked lack 
of endemism in the fish fauna is not surprising in view 
of the close proximity of the Sahul reefs to the eastern 
Indonesian archipelago. 

Table 2. Number of species recorded from reefs of the Sahul Shelf. 


Ashmore 

Cartier 

Hibernia 

All 

Reef 

Reef 

Reef 

reefs 

Total species 757 

410 

348 

924 

% of total species 81.9% 

44.4% 

37.7% 

- 


The diversity of species (Table 2) at Ashmore Reef 
(757 species - 81.9% of total) was significantly higher 
than Cartier Reef (410 species - 44.4% of total) and 
Hibernia Reef (348 species - 37.7% of total), but this 
is probably due mainly to the much greater sampling 
effort at Ashmore Reef compared with Cartier and 
Hibernia Reefs (Table I). 

Tabic 3. Pairwise comparison of faunal differences (no. species) 
between reefs. Diagonal numbers are total numbers of species 
recorded on each reef. Figures beneath diagonal are number of 
species on each reef (and %) not found on the other; those above 
are number of species on each reef (and %) shared with the other. 
Percentages calculated as (no. species reef a / total no. species reef 
a) x 100%. 



Ashmore 

Reef 

Cartier 

Reef 

Hibernia 

Reef 

Ashmore Reef 

757 

296 (72%) 

269 (77.3%) 

Cartier Reef 

114 (27.8%) 

410 

201 (57.8%) 

Hibernia Reef 

79 (22.7%) 

147 (42.2%) 

348 


Despite differences in sampling effort, however, there 
were significant apparent faunal differences between the 
reefs, with 27.8% of species at Cartier Reef and 22.7% 
of species at Hibernia Reef not being recorded from 
Ashmore Reef, and similarly 42.2% of species at 
Hibernia Reef not recorded from Cartier Reef (Table 
3). 

These results are similar to those of Allen (1993) 
who found that about 10-21% of fishes at Ashmorc- 
Cartier Reefs were not collected at Scott/Seringapatam 
Reefs or Rowley Shoals. The most notable differences 
in faunal composition (Table 4) were fewer species of 
the families Muraenidae and Scorpaenidae at Hibernia 
Reef compared with Cartier Reef. Likewise, Cartier and 
Hibernia Reefs had notably fewer species of Gobiidae, 
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Pomacentridae, Apogonidae and Serranidae than nearby 
Ashmore Reef. However, these numbers are likely to 
change with increased surveys of Cartier, and especially 
Hibernia Reef. 

Table 4. The 10 most speciose fish families at Ashmore, Cartier 
and Hibernia reefs: number of species and % of total species for 
each family. 


Number of species 

Family Ashmore Cartier Hibernia Total 

Reef _ Reef _ Reef (all reefs) 


Gobiidae 

94 

(72.9%) 

52 

(40.3%) 

42 

(32.6%) 

129 

Pomacentridae 

78 

(92.9%) 

35 

(41.7%) 

32 

(38.1%) 

84 

Labridae 

66 

(82.5%) 

47 

(58.8%) 

44 

(55%) 

80 

Apogonidae 

48 

(73.8%) 

31 

(48.4%) 

28 

(43.1%) 

65 

Muraenidae 

25 

(75.8%) 

16 

(48.5%) 

9 ( 

27.3%) 

33 

Chaetodontidae 

30 

(90.9%) 

22 

(66.7%) 

19 

(57.6%) 

33 

Serranidae 

26 

(86.7%) 

11 

(36.7%) 

II 

(36.7%) 

30 

Acanthuridae 

27 

(93.1%) 

21 

(72.4%) 

16 

(55.2%) 

29 

Blenniidae 

22 

(78.6%) 

14 

(51.9%) 

11 

(39.3%) 

28 

Scorpaenidae 

17 

(68%) 

13 

(52%) 

8 (32%) 

25 


The 10 most speciose families at Ashmore, Cartier 
and Hibernia Reefs (Table 5) generally are the same as 
those that are well represented at other north-western 
Australian localities. Together, these families comprised 
48.6% (Scott -Seringapatam Reefs), 51% (Rowley 
Shoals) and 58% (Ashmore, Cartier, Hibernia Reefs) 
of the total number of species of each reef system. 


Table 5. The 10 most speciose families at Ashmore Reef compared 
with Scott/Seringapatam Reef and Rowley Shoals. 


Family Ashmore, Cartier, 

Hibernia Reefs 

Scott- 

Seringapatam 

Reefs 

Rowley 

Shoals 

Gobiidae 

129 

45 

48 

Pomacentridae 

84 

50 

46 

Labridae 

80 

46 

46 

Apogonidae 

65 

34 

28 

Muraenidae 

33 

16 

13 

Chaetodontidae 

33 

24 

22 

Serranidae 

30 

25 

22 

Acanthuridae 

29 

20 

18 

Blenniidae 

28 

19 

23 

Scorpaenidae 
Percentage of total 

25 

10 

8 

fish fauna 

(58%) 

(48.6%) 

(51%) 


Hutchins (1998) reported the total known fish fauna 
for the offshore reefs of north-western Australia as 969 
species. The present list brings this total to more than 
1000 species. Compared with other north-western 
Australian reefs, Ashmore, Cartier and Hibernia Reefs 
have the greatest diversity of marine fishes. The 
location of these reefs near the Indonesian archipelago 
— which has the world’s most diverse fish fauna — is 
probably responsible for this high diversity. The atolls 
and reefs to the south (Seringapatam Reef, Scott Reef, 


and Rowley Shoals) have progressively fewer species 
(Table 6). 

Table 6. Total number of species from reported investigations of 
the offshore reefs of north-western Australia. Ashmore, Cartier, 
Hibernia Reefs (present study); Scott-Seringapatam Reef (Allen 
1996); Rowley Shoals (Hutchins el at. 1995). 


Locations 

Total number of species 

Ashmore, Cartier, Hibernia Reefs 

924 

Scott-Seringapatam Reef 

595 

Rowley Shoals 

537 


Semi-quantitative surveys by Hutchins (1998) have 
shown that Ashmore Reef’s outer reef slope fishes are 
noticeably distinct from those inhabiting the Scott/ 
Seringapatam Reefs and Rowley Shoals complex. The 
latter two probably share similar faunas due to the very 
deep water surrounding these atolls (Hutchins 1998). 

In contrast, the water around Ashmore Reef is relatively 
shallow. The lagoonal fauna of Ashmore Reef is, 
however, more closely related to that of Scott and 
Seringapatam Reefs than to the Rowley Shoals 
(Hutchins 1998). 

Russell and Vail (1988), Berry (1993) and Hutchins 
(1998) each observed that larger reef fish were 
noticeably absent from Ashmore Reef. Berry (1993) and 
Hutchins (1998) suggested that fishing pressures by 
Indonesian fishermen might be partly responsible for 
the lack of large fish. Berry (1993) also suggested that 
the large numbers of sea snakes at Ashmore Reef might 
also affect numbers of large reef fish, and believed that 
a similar situation might also be occurring at Scott Reef. 
However, Done et al. (1994) have refuted this, finding 
large individuals of reef fish were often observed during 
their investigations of Scott Reef, despite large numbers 
of seas snakes. 

Russell and Vail (1988), while also noting the 
absence of large predatory groupers such as 
Epinephelus lukula at Ashmore Reef, suggested that 
although these fishes might be vulnerable to fishing 
pressures, population densities of other serranid species 
(eg. Plectropomus leopardus, P. laevis) did not appear 
to be depleted in abundance. They concluded that the 
lack of large groupers may be more related to 
environmental or habitat factors than to overfishing. 
Quantitative assessment of the fish populations are 
urgently needed in order to determine the conservation 
status of larger reef fishes of the Sahul Shelf reefs. 
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APPENDIX 1. Fishes of Ashmore, Cartier and Hibernia Reefs, Timor Sea 

The list is based on published records (McCosker 1975; Lachner and Karnella 1980; Fricke 1983, 1994; Nakamura 1983; 
Randall el al. 1985; Larson 1990; Allen 1993, 1994, 1995, 1996, 1999; Hutchins 1998; Kuiter 2000) and on collections made 
during the Alpha Helix expedition in 1973 (McCosker 1975; and specimens in the California Academy of Sciences - CAS, or 
Scripps Institution of Oceanography - SIO); Northern Territory Museum (NTM) 1992 expedition at Cartier Reef (stations 1 -32) 
and Hibernia Reef (stations 2-31). Additional records include collections at Cartier Reef by G.R. Allen (WAM) in 1986 (Allen 
1993) and ll.K. Larson (NTM) in 1990 (Larson 1990; and stations HL90-2 - HL90-6). Sight records also arc listed as SR (with 
the observer’s initials in parentheses: BCR = B.C. Russell; GRA = G.R. Allen; HKL = H.K. Larson; RCW = R.C. Willan). 
Uncertain identifications are indicated with a question mark (?) before the species name. 

Family Ashmore Reef Cartier Reef Hibernia Reef 


STEGASTOMAT1DAE 


Stegostoma fasciatum (Hermann, 1783) 

Allen 1993 



HEMISCYLLIDAE 

Hemiscyllium ocellatum (Bonnaterre, 1788) 
Hemiscyllium trispeculare Richardson, 1843 

S1O73-205 

Allen 1993 


ORECTOLOB1DAE 

Eucrossorhinus dasypogon (Bleeker, 1867) 
Oreclolnbus wardi Whitley, 1939 

Hutchins 1998 
Hutchins 1998 



G1NGLYMOSTOM AT1DAE 

Nebrius ferrugineus (Lesson, 1830) 

Allen 1993 

SR(HKL) 


CARCHARH1N1DAE 

Carcharhinus albimarginatus (Riippell, 1835) 
Carcharhinus amblyrhynchos (Bleeker, 1856) 
Galeocerdo ctivier (Peron and Lesucur, 1822) 
Triaenodon obestis (Riippell, 1837) 

Hutchins 1998 

Allen 1993 

Allen 1993 

SR(BCR) 

SR(BCR) 

SR(BCR) 

SR(BCR) 

RHYNCHOBAT1DAE 

Rhynchobalus djiddensis (Forsskal, 1775) 

SR(BCR) 



DASYATIDIDAE 

Dasyatis kuhlii (Muller and Henle, 1841) 

Taeniura tymma (ForsskSl, 1775) 

Allen 1993 

Allen 1993 


SR(BCR) 

MYLIOBATIDAE 

Aetobales narinari (Euphrasen, 1790) 

SR(BCR) 



MOBUL1DAE 

Mania biros Iris (Walbaum, 1792) 

SR(BCR) 

SR(BCR) 


RHINOPTERIDAE 

Rhinoptera neglecta Ogilby, 1912 

Allen 1993 



MORINGUIDAE 

Moringua bicolor Kaup, 1856 

Moringua ferruginea Bliss, 1883 

Moringua javanica (Kaup, 1856) 

Moringua macrocephalus (Bleeker, 1863) 
Moringua microchir Bleeker, 1853 

Moringua sp. 

Allen 1993 
S1073-193 

Allen 1993 

Allen 1993 

HL90-5, 15 

HL90-4, 1 

25 

6, 20 
14 

CHLOPSIDAE 

Chlopsis sp. 

Kaupichlhys alronasus Schultz, 1953 
Kaupichlhys hyoproroides (Strohmann, 1896) 
Kaupichlhys sp. 

Hutchins 1998 

HL90-5 

HL90-2, HL90-5, HL90-6 

14 
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Family 


Ashmore Reef 


Cartier Reef 


Hibernia Reef 


MURAENIDAE 

Echidna polyzona (Richardson, 1845) 
Enchelycore bayeri (Schultz, 1953) 

Enchelycore unicolor Schultz, 1953 
Enchelycore sp. 

Gymnothorax buroensis (Bleeker, 1857) 
Gymnothorax chilospilos Bleeker, 1864 
Gymnothorax enigmaticus McCosker and Randall, 
Gymnothorax fimbriatus (Bennett. 1832) 
Gymnothorax flavimctrginalus (Riippell, 1830) 
Gymnothorax fuscomaculalus (Schultz, 1953) 
Gymnothorax gracilicauda Jenkins, 1903 
Gymnothoraxjavanicus (Bleeker, 1859) 
Gymnothorax margaritophorus Bleeker, 1865 
Gymnothorax melatremus Schultz, 1953 
Gymnothorax moluccensis (Bleeker, 1865) 
Gymnothorax monochrous Bleeker. 1864 
Gymnothorax pictus (Ahl, 1789). 

Gymnothorax rueppeltiae (McClelland, 1844) 
Gymnothorax undulatus (Lacepede, 1803) 
Gymnothorax zonipectis Seale, 1906 
Gymnothorax sp. 

Gymnothorax sp. 1 
Gymnothorax sp. 2 
Gymnothorax sp. 3 

Rhinomuraetta quaesita Garman, 1888 
Siderea picta (Ahl, 1789) 

Uropterygius cottcolor Riippell, 1838 
Uropterygius fuscoguttatus Schultz. 1953 
Uropterygius kamar McCosker and Randall, 1977 
Uropterygius macrocephalus (Bleeker, 1865) 
Uropterygius marmoratus (Lacepede, 1803) 
Uropterygius cf nagoensis Hatooka, 1984 
Uropterygius sp. 


1982 


Allen 1993 

25 


Hutchins 1998 

HL90-5 

25 


HL90-5 

20 

31 

Allen 1993 

HL90-2, 1, 32 

Allen 1993 

Allen 1993 

Allen 1993 

22 

HL90-6 


Allen 1993 

Allen 1993 

SR(BCR) 

SR(BCR) 

Allen 1993 

HL90-5 

20 


22 

Hutchins 1998 



Allen 1993 

HL90-5, HL90-6 



Allen 1993 


Allen 1993 

Allen 1993 

3 

2, 6, 14, 25 

Allen 1993 

HL90-6, 14, 21 


1, 3, 12 

14 

Allen 1993 

Allen 1993 

Allen 1993 

Allen 1996 



Hutchins 1998 

Allen 1993 

Hutchins 1998 

16 

22 

Allen 1993 

HL90-6 


Allen 1993 

Hutchins 1998 



Allen 1993 


20 


CONGRIDAE 

Ariosoma scheelei (Stromman, 1896) 
Ariosoma sp. 

Conger cinereus Riippell, 1830 
Congrina sp. 

Gnathophis sp. 


SI073-193 
McCosker 1975 
Allen 1993 
McCosker 1975 
Allen 1993 


Allen 1993 


TAENIOCONGRIDAE 

Taenioconger haasi Klausewitz and Eibl-Eiblesfeldt, 


1959 CAS 


Allen 1993 


OPHICHTHIDAE 

Callechelys marmorata (Bleeker, 1853) Allen 1993 

Callechelys melanotaenia Bleeker, 1864 

Leiuranus semicinctus (Lay and Bennett, 1839) Allen 1993 

Malvoliophis pinguis (Giinther, 1872) CAS 

Muraenichthys gynmatus Bleeker, 1857 Allen 1993 

Muraenichthys thompsoni Jordan and Richardson, 1908 Allen 1993 
Muraenichthys sp. CAS 

Ophichthus cephalozona (Bleeker, 1864) Allen 1993 

Ophichthus evermanni Jordan and Richardson, 1908 Allen 1993 
Ophichthus melanochir Bleeker, 1865 McCosker 1975 

PseudomyrophiS sp. Hutchins 1998 

Schismorhynchus labialis (Seale, 1917) Allen 1993 


Allen 1993 


31 


CLUPEIDAE 

Amblygaster leiogaster (Valenciennes, 1847) Allen 1993 

Spratelloides gracilis (Temminck and Schlegel, 1846) Allen 1993 
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Reef fishes of the Sahul Shelf 


Family 


Ashmore Reef Cartier Reef 


SYNODONTIDAE 

Saurida gracilis (Quoy and Gaimard, 1824) 
Synodus hinotalus Schultz, 1953 
Synodus dermatogenys Fowler, 1912 
Synodus engelmani Schultz, 1953 
Synodus jaculum Russell and Cressey, 1979 
Synodus variegatus (Lacepede, 1803) 

PLOTOS1DAE 

Plotosus Uneatus (Thunberg, 1791) 

BATRACHOID1DAE 

?Halophryne diemensis (LeSueur, 1842) 

Halophryne sp. 

GOBIESOCIDAE 

Diademichthys Uneatus (Sauvage, 1883) 
Discotrema crinophila Briggs, 1976 

ANTENN ARIIDAE 
Antennarius analis (Gosline, 1957) 

Antennarius coccineus (Lesson, 1929) 
Antennarius dorehensis Bleeker, 1859 
Antennarius pictus (Shaw and Nodder, 1794) 
Antennarius randalli Allen, 1970 

BYTHIT1DAE 

Brosmophvciops pautzkei Schultz, 1953 
Brosmophvciops sp. 

Brotulina sp. 

Dinematichthys sp. 

Ogilbia sp. 1 
Ogilbia sp. 2 

CARAP1DAE 

Encheliophis homei (Richardson, 1844) 

HEM1RAMPHIDAE 
Hemiramphus far (Forsskal. 1775) 
Hyporhamphus affinis (Gunther, 1866) 
Oxyporhamphus micropterus (Valenciennes, 1847) 

EXOC'OETIDAE 

Cheilopogon cyanopterus (Valenciennes, 1847) 
Cypselurus naresii (GUnther, 1889) 

Cypselurus oligolepis (Bleeker, 1866) 

Cypselurus opisthopus (Bleeker, 1866) 
Cypselurus poecilopterus (Valenciennes, 1847) 
Parexocoetus brachypterus (Richardson, 1846) 

BELONIDAE 

Ablennes Ilians (Valenciennes, 1846) 

Platybelone argalus (Lesueur, 1821) 

Tylosurus acus melanotus (Bleeker, 1850) 
Tylosurus crocodilus (Peron and Lesueur, 1821) 
Strongylttra incisa (Valenciennes, 1846) 

ATHERINIDAE 

Atherion elyntus Jordan and Starks, 1901 
Hypoatherina barnesi Schultz, 1953 
Hypoatherina ovalaua (Herre, 1935) 


Allen 1993 
Allen 1993 
CAS 

Allen 1993 
Allen 1993 
Allen 1993 


Hutchins 1998 


CAS 

Hutchins 1998 


Allen 1993 
Allen 1993 


Allen 1993 
Allen 1993 


Allen 1993 

Allen 1993 
Allen 1993 

Allen 1993 

Allen 1993 


SI073-193 


Allen 1993 

Hutchins 1998 
Allen 1993 


CAS 

Hutchins 1998 


Allen 1993 
21 


Allen 1993 


Allen 1993 
14 


12 


12 

HL90-5 

12, 14, 22 
HL90-6 


15 


15 

15 

15 

15 

15 


15 

6, 15 


HL90-3 


Hibernia Reef 


25 


McCosker 1975, (6) 


14 

20, 22 

6 


S1O73-207 


3 
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B. C. Russell, H. K. Larson, J. B. Hutchins and G. R. Allen 


Family 

Ashmore Reef 

Cartier Reef 

Hibernia 

HOLOCENTRIDAE 




Myripristis adusta Bleeker, 1853 

Allen 1993 



Myripristis berndti Jordan and Evermann, 1903 

Allen 1993 



Myripristis kttnlee Valenciennes, 1831 



2, 18 

Myripristis murdjan (Forssk&l, 1775) 

Allen 1993 

HL90-3, 90-5, 90-6, 1, 14 


Myripristis pralinia Cuvier, 1829 

Allen 1993 

14 


Myripristis violacea Bleeker, 1851 

Allen 1993 

HL90-6 

6, 25 

Myripristis vittata Valenciennes, 1831 

Allen 1993 



Neortiphon argenteus (Valenciennes, 1831) 

Allen 1993 



Neoniphon sammara (Forsskal, 1775) 

Allen 1993 


25 

Sargocentron caudimaculalnm (Ruppell, 1838) 

Allen 1993 

1, 22 

18, 20 

Sargaeentron cornu turn (Bleeker, 1853) 

Hutchins 1998 



Sargocentron diadema (Lacepede, 1802) 

Allen 1993 



Sargocentron praslin (Lacepede, 1802) 

Allen 1993 



Sargocentron punctatissimum (Cuvier, 1829) 


Allen 1993 


Sargocentron rubrum (Forsskal, 1775) 

Hutchins 1998 



Sargocentron spiniferum (Forsskal, 1775) 

Allen 1993 

SR(BCR) 


Sargocentron tiere (Cuvier, 1829) 


HL90-2 


Sargocentron tiereoides (Bleeker, 1853) 

Allen 1993 

14, 32 


Sargocentron violaceum (Bleeker, 1853) 

Hutchins 1998 



AULOSTOMIDAE 




Aulostomus chinensis (Linnaeus, 1766) 

Allen 1993 

14 

25 

FISTULAR11DAE 




Fistularia commersonii Ruppell, 1838 

Allen 1993 



SYNGNATHIDAE 




Choeroichthys brachysoma (Bleeker, 1855) 

Allen 1993 



Corythoichthys haematopterus (Bleeker, 1851) 

SIO73-206 



Corythoichthys intestinal is (Ramsay, 1881) 

SIO73-206 



Corythoichthys schultzi Herald. 1953 

Hutchins 1998 



Cosmocampus banneri (Herald and Randall, 1972) 



2 

Halicampus brocki (Herald, 1953) 


HL90-6 


Halicampus dunckeri (Chabanaud, 1929) 

Allen 1993 


6 

Halicampus nitidus (Gunther, 1873) 

Hutchins 1998 



Hippocampus kampylotrachelos Bleeker, 1854 

Kuiter 2000 



Micrognathus hrevirostris (Ruppell, 1838) 



22 

Micrognathus sp. 


HL90-6 


Syngnathoides biaculeatus (Bloch, 1785) 

Allen 1993 



SCORPAENIDAE 




Ablabys taenianotus (Cuvier, 1829) 

Allen 1993 



Dendrochirus biocellatus (Fowler, 1935) 

Allen 1993 


20 

Dendrochirus brachypterus (Cuvier, 1829) 

Allen 1993 



Dendrochirus zebra (Cuvier, 1829) 

Hutchins 1998 

Allen 1993 


Inimicus didactylus (Pallas, 1769) 

CAS 



Parascorpaena mcadamsi (Fowler, 1938) 

Allen 1993 



Parascorpaena mossambica (Peters, 1855) 

Allen 1993 



Pterois antennata (Bloch, 1787) 

Allen 1993 

14 


Pterois mossambica (Peters, 1855) 


1 

21 

Pterois sp. 


14, 16 


Pterois radiata Cuvier, 1829 

Allen 1993 



Pterois volitans (Linnaeus, 1758) 

Allen 1993 



Scorpaena sp. 



2, 20 

Scorpaenodes albaiensis (Evermann and Seale, 1907) 

Allen 1993 


18, 25 

Scorpaenodes guamensis (Quoy and Gaimard, 1824) 

Allen 1993 


31 

Scorpaenodes hirsutus (Smith, 1957) 


HL90-5, 1 


Scorpaenodes kelloggi (Jenkins, 1903) 

Allen 1993 



Scorpaenodes minor (Smith, 1958) 


HL90-6 


Scorpaenodes parvipinnis (Garrett, 1863) 


HL90-6, 32 
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Reef fishes of the Sahul Shelf 


Family 

Ashmore Reef 

Cartier Reef 

Scorpaenodes varipinnis Smith, 1957 

Allen 1993 

25, 32 

Scorpaenopsis diabolus (Cuvier, 1829) Randall and Eschmeyer 2002 

HL90-4 

Scorpaenopsis oxycephala Bleeker, 1849 
Scorpaenopsis possi 

Randall and Eschmeyer 

Randall and Eschmeyer 2001 Randall and Eschmeyer 2002 

14 

Scorpaenopsis venosa (Cuvier. 1829) 

Allen 1993 


Sebastapistes linkhami (Fowler, 1946) 


3 

CARACANTHIDAE 

Caracanthus maculatus (Gray, 1831) 


12 

Caracanthus unipinnis (Gray, 1831) 

Allen 1993 


PLATYCEPHAL1DAE 

Elates ransonnetii (Steindachner, 1876) 

S1073-197 


Eurycephalus otaitensis (Parkinson, 1829) 

SIO73-205 

SIO73-203 

Inegocia japonica (Tilesius, 1812) 

SI073-197 


Suggrundus macracanthus (Bleeker, 1869) 

SI073-197 


Thysanophrys celebica (Bleeker, 1854) 

SI073-197 


Thysanophrys chiltonae Schultz, 1966 

Allen 1993 

21 

Thysanophrys otaitensis (Parkinson, 1 829) 

Allen 1993 

Allen 1993 

SERRANIDAE 

Aethaloperca rogaa (Forsskal, 1775) 

Allen 1993 

HL90-6 

Anyperodon leucogrammicus (Valenciennes, 1828) 

Allen 1993 


Cephalopholis argus Bloch and Schneider, 1801 

Allen 1993 

SR(BCR) 

Cephaloplwlis cyunostigma (Valenciennes, 1828) 


CAS 

Cephalopholis leopardus (Lacepede, 1801) 

Allen 1993 

14 

Cephalopholis miniata (Forsskal, 1775) 

Allen 1993 

22 

Cephalopholis sexnwculata (Ruppell, 1830) 

Allen 1993 


Cephalopholis urodeta (Forster, 1801) 

Allen 1993 

SIO73-203 

Cromileptes allivelis (Valenciennes, 1828) 

Hutchins 1998 


Epinephelus caeruleopunctatus (Bloch, 1790) 

Hutchins 1998 

SR(BCR) 

Epinephelus fasciatus (ForsskM, 1775) 

Allen 1993 


Epinephelus fuscoguttatus (Forssk&l, 1775) 

Allen 1993 


Epinephelus maculatus (Bloch, 1790) 

Allen 1993 


Epinephelus melanosligma Schultz, 1953 

Allen 1993 


Epinephelus merra Bloch, 1793 

Allen 1993 


Epinephelus polyphekadion (Bleeker, 1849) 

Allen 1993 


Liopropoma susumi (Jordan and Seale, 1906) 

Allen 1993 


Plectranthias longinwnus Weber, 1913 


HL90-6, 16 

Plectropomus areolatus (Ruppell, 1830) 

Hutchins 1998 


Pleclropomtis laevis (Lacepede, 1801) 

Hutchins 1998 


Plectropomus leopardus (Lacepede, 1802) 
Plectropomus oligacantlius (Bleeker, 1854) 

Allen 1993 


Pseudanthias dispar (Herre, 1955) 

Allen 1993 


Pseudanthias huchtii (Bleeker, 1857) 

Hutchins 1998 


Pseudanthias pascalus (Jordan and Tanaka, 1927) 


HL90-5 

Pseudanthias pleurotaenia (Bleeker, 1857) 

Allen 1993 


Pseudanthias squamipinnis (Peters, 1855) 

Allen 1993 


Pseudanthias tuka (Herre and Montalban, 1927) 

Allen 1993 

HL90-5, 90-6 

Variola albimarginata Baissac, 1953 

Hutchins 1998 

SR(BCR) 

Variola louti (Forsskal. 1775) 

Allen 1993 


GRAMMIST1DAE 

Gramm isles sexlineatus (Thunberg, 1792) 

Allen 1993 


Grammistops oceliatus Schultz, 1953 

Allen 1993 


PSEUDOCHROMIDAE 

Congrogadus subducens (Richardson, 1843) 

Allen 1993 

SR(BCR) 

Dampieria sp. 

SI073-194 


Labracinus cyclophthalmus (Mtiller and Troschel, 
Pseudochromis bitaeniatus (Fowler, 1931) 

1849) Allen 1996 

HL90-5 


Hibernia Reef 


20 

31 


14 


6, 20 


30 

25 

20 

SR(BCR) 

2 

SR(BCR) 


SR(BCR) 

SR(BCR) 

SR(BCR) 


6 

30 


2, 6, 14, 18, 20 
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B. C. Russell, H. K. Larson, J. B. Hutchins and G. R. Allen 


Family 


Ashmore Reef Cartier Reef Hibernia Reef 


Pseudochromis cyanotaenia Bleeker, 1857 
Pseudochromis fuscus Muller and Troschel, 1849 
Pseudochromis howsoni Allen, 1994 
Pseudochromis marshallensis Schultz, 1953 
Pseudochromis melanotaenia Bleeker, 1863 
Pseudochromis paccagnellae Axelrod, 1973 
Pseudochromis tapeinosoma Bleeker, 1853 
Pseudoplesiops rosae Schultz, 1943 
Pseudoplesiops typus Bleeker, 1858 
Pseudoplesiops wilsoni (Whitley, 1929) 
Pseudoplesiops sp. 


Hutchins 1998 1, 3, 25, 32 HL90-2, 5 31 

Allen 1993 HL90-5, 6 

Allen 1994 

Allen 1993 2 

Allen 1993 
Allen 1993 

Allen 1993 SIO73-203 

Allen 1993 12, 16, 32, HL90-2, 90-6, Allen 19932, 6, 9, 14, 18, 20, 22 

Allen 1993 


PSEUDOGRAMMATIDAE 
Pseudogramma polyacantha (Bleeker, 1856) 

PLESIOP1DAE 

Plesiops cephalotaenia Inger, 1955 
Plesiops coeruleolineatus Riippell, 1835 
Plesiops verecundus Mooi, 1995 
Steeneichthys plesiopsus Allen and Randall, 1985 

OPISTOGNATHIDAE 
Opistognathus sp. 

TERAPONIDAE 

Terapon jarhua (Forsskal, 1775) 

KUHLIIDAE 

Kuhlia mugil (Forster, 1801) 


Allen 1993 HL90-2, 5, 6, 1, 12, 22, 32 12, 18, 20, 22 


Allen 1993 2 25 

Allen 1993 SIO73-203, 1, 6, 12, 14, 25, 32, HL90-4 2, 12, 22, 31 

Allen 1993 

14 


Allen 1996 


Hutchins 1998 


Hutchins 1998 


PRIACANTHIDAE 

Heteropriacanthus cruentatus (Lacepede, 1801) 
Priacanthus hamrur (Forsskal, 1775) 
Priacanthus macracanthus Cuvier, 1829 


Allen 1993 
Hutchins 1998 
Hutchins 1998 


APOGONIDAE 

Apogon angustatus (Smith and Radcliffe, 1911) 
Apogon aureus (Lacepede, 1802) 

Apogon handanensis Bleeker, 1854 
Apogon chrysopomus Bleeker, 1854 
Apogon ehrysotaenia Bleeker, 1851 
Apogon coccineus RQppell, 1838 
Apogon cooki Macleay, 1881 
Apogon compressus (Smith and Radcliffe, 1911) 
Apogon crassiceps Garman, 1903 
Apogon cyanosoma (Bleeker, 1853) 

Apogon darnleyensis (Alleync and Macleay, 1877) 
Apogon ertdekataenia Bleeker, 1852 
Apogon exostigma (Jordan and Starks, 1906) 
Apogon fleurieu (Lacepede, 1801) 

Apogon fraenatus Valenciennes, 1832 
Apogon fragilis Smith, 1961 
Apogon fuscus Quoy and Gainiard, 1824 
Apogon gilberti (Jordan and Seale. 1905) 

Apogon guamensis Valenciennes, 1832 
Apogon hartzfeldi Bleeker, 1852 
Apogon kallopterus Bleeker, 1856 
Apogon leptacanthus Bleeker, 1856 
Apogon me/as Bleeker, 1848 
Apogon nigrofasciatus Schultz, 1953 
Apogon novemfasciatus Cuvier, 1828 
Apogon notatus (Houttuyn, 1782) 


Hutchins 1998 
Allen 1993 
Allen 1993 
Allen 1993 
Allen 1993 
Allen 1993 

Allen 1993 
Allen 1993 
Allen 1993 


Allen 1993 
Allen 1996 

Allen 1993 

Hutchins 1998 
Allen 1993 
Hutchins 1998 
Allen 1993 
Hutchins 1998 
Allen 1993 
Hutchins 1998 
Hutchins 1998 
Allen 1996 


18 


1 6 
HL90-5, Allen 1993 

1,5, 6, 12, 14, 22, 32, HL90-2 
HL90-3 

HL90-5 
22, HL90-5 

22 

14, HL90-6 

HL90-5, 6 
Allen 1993 
25 


14, HL90-5.-6 SR(BCR) 


14 20 

3, HL90-4, Allen 1993 31 


6, 9, 12, 14, 20, 22, 31 

14 

2, 14 
31 
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Reef fishes of the Sahul Shelf 


Family 

Ashmore Reef 

Cartier Reef 

Hibernia Reef 

Apogon perl Hits Fraser and Lachner, 1985 

Allen 1996 



Apogon rhodopterus Bleeker, 1852 


Randall and Fraser 19‘ 

Apogon sangiensis Bleeker, 1857 

Hutchins 1998 



Apogon savayensis GUnther, 1871 

Allen 1993 

32, HL90-6 

14 

Apogon seali Fowler, 1918 

Hutchins 1998 



?Apogon taeniophorus Regan, 1908 


25 


Apogon timorensis Bleeker, 1854 

Allen 1993 



Apogon trimaculatus Cuvier, 1828 

Allen 1993 



Apogon sp. (in Allen 1993) 

Allen 1993 



Apogoniehlhys ocellalus (Weber, 1913) 

S1O73-205 

Allen 1993 


Apogonichthys perdix Bleeker, 1854 

Allen 1993 



Arcltamia bigultala Lachner, 1951 


HL90-5 

14 

Archamici dispilus Lachner, 1951 

Allen 1993 



Archamia fucala (Cantor, 1849) 

Allen 1993 

HL90-5 


Archamia zosterophora (Bleeker, 1856) 

Allen 1993 


6, 14 

Cercamia eremia (Allen, 1987) 

Allen 1993 



Cheilodiplerus anus Smith, 1961 

Allen 1993 


6 

? Cheilodiplerus lachneri Klausewitz, 1959 



14 

Cheilodiplerus linealus (Linnaeus, 1758) 


HL90-6, Allen 1993 


Cheilodiplerus macrodon (Lacepede, 1801) 

Allen 1993 

HL90-6 

6 

Cheilodiplerus quinquelineatus Cuvier, 1828 

Allen 1993 

HL90-6 

6, 14, 25 

Cheilodiplerus singapurensis Bleeker, 1859 



14, 25 

Foa brachygramma (Jenkins. 1903) 

Allen 1993 



Fowleria aurita (Valenciennes, 1831) 

Allen 1993 


14, 25 

Fowleria marmorala (Alleyne and Macleay, 1877) 

Allen 1993 


14, 6 

Fowleria punclulala (Ruppell, 1838) 

Allen 1993 

14 

14, 20, 25 

Fowleria variegala (Valenciennes, 1832) 

Allen 1993 



Gymnapogon annona (Whitley, 1936) 


HL90-6 


Gymnapogon urospilotus Lachner, 1953 

Allen 1993 

14, HL90-4 


Gymnapogon vanderhilli (Fowler, 1938) 


Allen 1993 


Neamia octospina Smith and Radcliffe, 1912 


HL90-6 


Pseudamia gelalinosa Smith, 1955 

Randall el al. 1985 

HL90-2, Allen 1993 

12 

Pseudamia sp. (in Allen 1993) 

Allen 1993 


6 

Pseudamiops gracilicauda Lachner, 1953) 


HL90-2, 6 


Pseudamiops sp. 

Hutchins 1998 

1, 14, 32, Allen 1993 

6, 14 

Rhabdamia cypselurus Weber, 1909 

Allen 1993 


2 

Rhabdamia gracilis (Bleeker, 1856) 

Hutchins 1998 

HL90-5 

14 

Rhabdamia sp. 



18 

Siphamia sp. 



6 

MALACANTHIDAE 




Malacanlhus brevirostris Guichenot, 1848 

Allen 1993 

SR(BCR) 


Malacanthus latovittaius (Lacepede, 1801) 

Allen 1993 



ECHENEIDAE 




Echeneis naucrates Linnaeus, 1758 

Hutchins 1998 



CARANGIDAE 




Atule male (Cuvier, 1833) 

SR(BCR) 



Carangoides ferdau (Forsskal. 1775) 

Allen 1993 



Carangoides fulvoguttaius (Forsskal, 1775) 

Allen 1993 



Carangoides orthogrammus (Jordan and Gilbert, 

1882) Allen 1993 



Carangoides plagiolaenia Bleeker, 1857 

Allen 1993 


27 

Caranx lugubris Poey, 1860 

SR(BCR) 



Carunx melampygus Cuvier, 1833. 


SR(BCR) 

SR(BCR) 

Caranx ignobilis (ForsskSl, 1775) 

Allen 1993 



Caranx melampygus Cuvier, 1833 

Allen 1993 



Caranx sexfascialus Quoy and Gaimard, 1825 

Allen 1993 


SR(BCR) 

Elagalis bipinnulata (Quoy and Gaimard, 1825) 

Allen 1993 



Gnathanodon speciosus (Forsskal, 1775) 

CAS 



Scomberoides lol (Cuvier, 1832) 

Hutchins 1998 
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B. C. Russell, H. K. Larson, J. B. Hutchins and G. R. Allen 


Family 


Ashmore Reef Cartier Reef 


CORYPHAENIDAE 

Coryphaena hippurus Linnaeus, 1758 


CAESIONIDAE 

Caesio caerulaurea Lacepede, 1801 
Caesio awing (Bloch, 1791) 

Caesio lunaris Cuvier, 1830 
Caesio teres Seale, 1906 
Pterocaesio digramma (Bleeker, 1865) 
Pterocaesio pisang (Bleeker, 1853) 
Pterocaesio randalli Carpenter, 1987 
Pterocaesio tile (Cuvier, 1830) 

Pterocaesio trilineata Carpenter, 1987 

LUTJAN1DAE 

Aphareus furcatus (Lacepede, 1802) 

Aprion virescens Valenciennes, 1830 
Lutjanus biguttatus (Valenciennes, 1830). 
Lutjanus bohar (Forssk&I, 1775) 

Lutjanus decussatus (Cuvier, 1828) 

Lutjanus fulviflamma (Forsskal, 1775) 
Lutjanus fulvus (Schneider. 1801) 

Lutjanus gibbus (Forsskal, 1775) 

Lutjanus kasmira (Forsskal. 1775) 

Lutjanus monostigma (Cuvier, 1828) 

Lutjanus quinquelineatus (Bloch, 1790) 
Lutjanus rivulatus (Cuvier, 1828) 

Lutjanus rufolinealus (Valenciennes, 1830) 
Lutjanus russelli (Bleeker, 1849) 

Lutjanus villa (Quoy and Gaimard, 1824) 
Macolor macularis Fowler, 1931 
Macolor niger (Forsskal, 1775) 

NEMIPTER1DAE 

Pentapodus emeryii (Richardson, 1843) 
Scolopsis affinis Peters, 1877 
Scolopsis bilineatus (Bloch, 1793) 

Scolopsis Uneatus Quoy and Gaimard, 1824 
Scolopsis margaritifer (Cuvier, 1830) 
Scolopsis trilineatus Kner, 1868 
Scolopsis xenochrous Gunther, 1872 

GERREIDAE 

Gerres oyena (Forsskal, 1775) 

Gerres sp. 


Allen 

1993 

SR(BCR) 

Allen 

1993 

SR(BCR) 

Allen 

1993 

SR(BCR) 

Allen 

1993 


Allen 

1993 



Allen 1993 SR(BCR) 

Hutchins 1998 


Allen 1993 

SR(BCR) 

Allen 1993 

22 

Allen 1993 

SIO73-203 

Allen 1993 


Allen 1993 

SR(BCR) 

Allen 1993 

SR(BCR) 

Allen 1993 

SR(BCR) 

Allen 1993 

3, Allen 1993 

Allen 1993 


Allen 1993 

SR(BCR) 

SI073-194 


Allen 1993 


S1073-194 


Allen 1993 

SR(BCR) 

Allen 1993 

SR(BCR) 

Allen 1993 


Allen 1993 


Allen 1993 


Allen 1993 

HL90-4 

Allen 1993 

25 

Allen 1993 


Allen 1993 


Allen 1993 

SR(BCR) 

Allen 1993 


Hutchins 1998 



HAEMULIDAE 

Diagramma pictum (Thunberg. 1792) Hutchins 1998 

Plectorhinchus chaetodontoides (Lacepede, 1801) Allen 1993 

Plectorhinchus lineatus (Linnaeus, 1758) Allen 1993 SR(BCR) 

Plectorhinchus vittatus (Linnaeus 1758) Allen 1993 (as P. orientalis) SR(BCR) 

Plectorhinchus picus (Cuvier, 1830) SR(BCR) SR(BCR) 


Randall 


LETHRIN1DAE 

Gnathodentex aurolineatus (Lacepede, 1802) 
Gymnocranius grandoculis (Valenciennes, 1830) 
Gymnocranius sp. (in Carpenter and Allen 1989) 
Lethrinus atkinsoni Seale, 1910 
Lethrinus erythropterus Valenciennes, 1830 
Lethrinus harak (ForsskSI. 1775) 

Lethrinus microdon (Valenciennes, 1830) 

Lethrinus nebulosus (Forsskal, 1775) 


Allen 1993 
Allen 1993 
Hutchins 1998 
Hutchins 1998 
Hutchins 1998 
Hutchins 1998 
Hutchins 1998 
Hutchins 1998 


Allen 1993 


Hibernia Reef 


SR(BCR) 


SR(BCR) 

SR(BCR) 

SR(BCR) 

SR(BCR) 

SR(BCR) 

SR(BCR) 


SR(BCR) 

SR(BCR) 

SR(BCR) 

SR(BCR) 

SR(BCR) 

4 

SR(BCR) 


SR(BCR) 

SR(BCR) 


25 

SR(BCR) 

SR(BCR) 

SR(BCR) 


SR(BCR) 
and Johnson 2000 


SR(BCR) 

4 
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Reef fishes of the Sahul Shelf 


Family 

Ashmore Reef 

Cartier Reef 

Hibernia Reef 

Lethrinus obsoletus (Forsskal, 1775) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Lethrinus olivaceus Valenciennes, 1830 

Allen 1993 

SR(BCR) 


Lethrinus rubriopercUlatus Sato, 1978 

Allen 1993 



Lethrinus semicinctus Valenciennes, 1830 

SI073-194 


4 

Lethrinus xanthochilus Klunzinger, 1870 

Hutchins 1998 


SR(BCR) 

Monotaxis grandoctilis (Forsskal, 1775) 

Hutchins 1998 

SR(BCR) 

SR(BCR) 

MULLIDAE 




Mulloidlchthys Jlavolineatus (Lacepede, 1801) 

Allen 1993 



Mulloidichthys vanicolensis (Valenciennes, 1831) 

Allen 1993 

21 

21 

Parupeneus barberinoides (Bleeker, 1852) 

Allen 1993 



Parupeneus barberinus (Lacepede, 1801) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Parupeneus bifasciatus (Lacepede, 1801) 

Allen 1993 

SR(BCR) 


Parupeneus cycloslomus (Lacepede. 1801) 

Allen 1993 



Parupeneus indicus (Shaw, 1803) 

Allen 1993 



Parupeneus multifasciatus (Quoy and Gaimard, 1825) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Parupeneus trifasciatus (Lacepede, 1802) 



20 

Upeneus Iragula Richardson, 1846 

Allen 1993 



PEMPHERIDIDAE 




Parapriacanthus ransonneti Steindachner, 1870 

Allen 1993 

11, HL90-5, Allen 1993 

2 

Pempheris oualensis Cuvier, 1831 

Allen 1993 

24 

SR(BCR) 

KYPHOSIDAE 




Kyphosus bigibbus (Lacepede, 1801) 

Allen 1993 



Kyphosus einerascens (Forsskal, 1775) 

Allen 1993 



Kyphosus vaigiensis (Quoy and Gaimard, 1825) 

Hutchins 1998 



EPHIPPIDAE 




Platax batavianus Cuvier, 1831 

Hutchins 1998 



Platax orbicularis (Forsskal, 1775) 

Allen 1993 



Platax pinnatus (Linnaeus, 1758) 


SR(BCR) 


Platax teira (Forsskal, 1775) 

Allen 1993 

SR(BCR) 


CHAETODONT1 DAE 




Chaetodon adiergastos Seale, 1910 

Allen 1993 



Chaetodon auriga ForsskSI, 1775 

Allen 1993 

HL90-4 

SR(BCR) 

Chaetodon baronessa Cuvier, 1831 

Allen 1993 

SR(BCR) 

22 

Chaetodon bennelti Cuvier. 1831 

Allen 1993 

SR(BCR) 

SR(BCR) 

Chaetodon citrinellus Cuvier, 1831 

Allen 1993 

SR(BCR) 

SR(BCR) 

Chaetodon decussatus Cuvier, 1831 

Allen 1996 



Chaetodon ephippiutn Cuvier, 1831 

Allen 1993 

SR(BCR) 

SR(BCR) 

Chaetodon kleinii Bloch, 1790 

Allen 1993 

22 

20 

Chaetodon Uneolatus Cuvier. 1831 

Allen 1993 

SR(BCR) 


Chaetodon lunula (Lacepede, 1803) 

Hutchins 1998 

HL90-4, Allen 1993 


Chaetodon melannotus Schneider, 1801 

Allen 1993 

SR(BCR) 

SR(BCR) 

Chaetodon meyeri Bloch and Schneider, 1801 

Allen 1993 

SR(BCR) 

SR(BCR) 

Chaetodon ocelUcaudus Cuvier, 1831 

Hutchins 1998 



Chaetodon ornatissimus Cuvier, 1831 

Allen 1993 

SR(BCR) 

SR(BCR) 

Chaetodon oxycephalus Bleeker, 1853 

Hutchins 1998 



Chaetodon pelewensis Kner, 1868 



SR(BCR) 

Chaetodon punctalofasciatus Cuvier, 1831 

Allen 1993 


SR(BCR) 

Chaetodon rafflesii Bennett, 1830 

Allen 1993 

SR(BCR) 


Chaetodon semeion Bleeker, 1855 

Allen 1993 

SR(BCR) 

SR(BCR) 

Chaetodon speculum Cuvier, 1831 

Allen 1993 



Chaetodon trifascialis Quoy and Gaimard, 1824 

Allen 1993 

22 

SR(BCR) 

Chaetodon trifasciatus Park, 1797 

Allen 1993 

25 

31 

Chaetodon ulietensis Cuvier. 1831 

Allen 1993 


SR(BCR) 

Chaetodon unimaculatus Bloch, 1787 

Hutchins 1998 

SR(BCR) 


Chaetodon vagabundus Linnaeus, 1758 

Allen 1993 

SR(BCR) 


Coradion chrvsozonus (Cuvier, 1831) 

Allen 1993 



Forcipiger flavissimus Jordan and McGregor, 1898 

Allen 1993 

SIQ73-204 

SR(BCR) 
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B. C. Russell, H. K. Larson, J. B. Hutchins and G. R. Allen 


Family 

Ashmore Reef 

Cartier Reef 

Hibernia Reef 

Hemitaurichthys polylepis (Bleeker, 1857) 


SR(BCR) 

20 

Heniochus acuminalus (Linnaeus, 1758) 

Hutchins 1998 



Heniochus chiysostomus Cuvier, 1831 

Allen 1993 

14 


Heniochus monoceros Cuvier, 1831 

Allen 1996 

SR(BCR) 


Heniochus singularis Smith and Radcliffe, 1911 



SR(BCR) 

Heniochus varius (Cuvier, 1829) 

Allen 1993 

SR(BCR) 

SR(BCR) 

POMACANTHIDAE 




Apolemichlhys Irimacuiatus (Cuvier, 1831) 

Allen 1993 

SIO73-204, CAS 


Centropyge bicolor (Bloch, 1787) 

Allen 1993 


SR(BCR) 

Cenlropyge bispinosus (Giinther, 1860) 

Allen 1993 



Centropyge Jlavicauda Fraser-Brunner, 1933 

Allen 1993 



Centropyge nox (Bleeker, 1853) 

Hutchins 1998 

SR(HKL) 


Centropyge tihicen (Cuvier, 1831) 

Allen 1993 


SR(BCR) 

Centropyge vroliki (Bleeker, 1853) 

Allen 1993 

1, 14, HL 90-2 

2, 6, 12, 20 

Chaetodontophis mesoleucus (Bloch, 1787) 

Hutchins 1998 



Genicanthus lamarck (Lacepede, 1802) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Pomacanthus imperator (Bloch, 1787) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Pomacantlius navarchus (Cuvier, 1831) 

Allen 1993 



Pomacanthus semicirculatus (Cuvier, 1831) 

Allen 1993 

SR(BCR) 


Pomacanthus sexstriatus (Cuvier, 1831) 

Hutchins 1998 


SR(BCR) 

Pygoplites diacanthus (Boddaert, 1772) 

Allen 1993 

14 

SR(BCR) 

POMACENTRIDAE 




Abudefduf septemfasciatus (Cuvier, 1830) 

Hutchins 1998 

3, Allen 1993 


Abudefduf sexfasciatus (Lacepede, 1801) 

Allen 1993 



Abudefduf sordidus (Forsskal, 1775) 

Allen 1993 

3 


Abudefduf vaigiensis (Quoy and Gaimard, 1825) 

Allen 1993 

SR(BCR) 

11 

Acantliochromis polyacanthus (Bleeker, 1855) 

Allen 1993 


2, 6, 12, 14, 18, 20 

Amblyglvphidodon aureus (Cuvier, 1830) 

Allen 1993 

SR(BCR) 

18 

Amblyglyphidodon curacao (Bloch, 1787) 

Allen 1993 


14, 21 

Amblyglvphidodon leucogaster (Bleeker, 1847) 

Allen 1993 

SR(BCR) 

SR(BCR) 

A mblypomacentrus breviceps 




(Schlegel and Miiller, 1839) 

SI073-197 



Amphiprion clarkii (Bennett, 1830) 

Allen 1993 

HL90-2 

22 

Amphiprion frenatus Brevoort, 1856 

Hutchins 1998 



Amphiprion melanopus Bleeker, 1852 

Allen 1993 



Amphiprion ocellaris Cuvier, 1830 

Allen 1993 



Amphiprion percula (Lacepede. 1802) 


1 

25 

Amphiprion perideraion Bleeker, 1855 

Allen 1993 



Amphiprion sandaracinos Allen. 1972 

Allen 1993 



Cheiloprion lahiatus (Day, 1877) 

SI073-196 



Chromis alpha Randall, 1988 

Allen 1993 



Chromis amboinensis (Bleeker, 1873) 

Allen 1993 



Chromis atripectoralis Welander and Schultz, 1951 

Allen 1993 


SR(BCR) 

Chromis atripes Fowler and Bean. 1928 

Allen 1993 

14, HL90-5,-6 

12, 18, 20 

Chromis caudalis Randall. 1988 

Allen 1996 



Chromis lepidolepis Bleeker, 1877 

Allen 1993 

22 


Chromis margaritifer Fowler, 1946 

Allen 1993 

1, 22, 32, HL90-5,-6 

2, 22 

Chromis opercularis (Giinther, 1867) 

Hutchins 1998 



Chromis retrofasciata Weber. 1913 

Hutchins 1998 



Chromis ternatensis (Bleeker, 1856) 

Allen 1993 

HL90-5.-6 

14, 20 

Chromis vanderbilti (Fowler, 1941) 


HL90-5 


Chromis viridis (Cuvier, 1830) 

Allen 1993 



Chromis weberi Fowler and Bean, 1928 

Allen 1993 

HL90-2,-5 


Chromis xanthochira (Bleeker, 1851) 

Allen 1993 

14, 22 


Chromis xantlwra (Bleeker, 1854) 

Allen 1993 

HL90-5 

SR(BCR) 

Chrysiptera bioceUata (Quoy and Gaimard, 1824) 

Allen 1993 



Chrysiptera cyanea (Quoy and Gaimard, 1824) 

Allen 1993 



^Chrysiptera flavipinnis Allen and Robertson, 1974) 



22 

Chrysiptera glauca (Cuvier, 1830) 

Allen 1993 

HL90-4 

26, 31 

Chrysiptera hemicyanea (Weber, 1913) 

Allen 1993 
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Reef fishes of the Sahul Shelf 


Family 


Ashmore Reef Cartier Reef Hibernia Reef 


Chrysiptera leucopoma (Lesson, 1830) 

Allen 1993 

3 

SR(BCR) 

Chrysiptera rex (Snyder. 1909) 

Allen 1993 



Chrysiptera rollandi (Whitley, 1961) 

Allen 1993 



Chrysiptera talhoti (Allen, 1975) 

Allen 1993 

14, HL90-5 

6, 12, 18 

Dascyllus aruattus (Linnaeus, 1758) 

Allen 1993 


SR(BCR) 

Dascyllus melanurus Bleeker, 1854 

Allen 1993 



Dascyllus reticulatus (Richardson, 1846) 

Hutchins 1998 

22, HL90-2,-6, Allen 1993 

22 

Dascyllus trimaculatus (Ruppell. 1829) 

Hutchins 1998 

22, Allen 1993 

SR(BCR) 

Dischistodus chrysopoecilus 




(Schlegel and Muller, 1839) 

Allen 1993 



Dischistodus mehmotus (Bleeker, 1857) 

Allen 1993 



Dischistodus perspicillatus (Cuvier, 1830) 

Allen 1993 



Dischistodus prosopotaenia (Bleeker, 1852) 

Allen 1993 



Hemiglyphidodon plagiometopon (Bleeker, 1852) 

Allen 1993 



Lepidozygus tapeinosoma (Bleeker, 1856) 

Allen 1993 



Neoglyphidodon mclas (Cuvier. 1830) 

Allen 1993 


SR(BCR) 

Neoglyphidodon uigroris (Cuvier, 1830) 

Allen 1993 

HL90-6 

6, 9 

Neoglyphidodon oxyadon (Bleeker, 1857) 

Allen 1993 



Neopomacentrus azysron (Bleeker, 1877) 

Allen 1993 

32, HL90-5 


Neopomacentrus bartkieri (Richardson, 1846) 



6 

Plectroglyphidodon dickii (Lienard, 1839) 

Allen 1993 

SIO73-203, 3, HL90-2 

SR(BCR) 

Plectroglyphidodon johnstonianus 




Fowler and Ball, 1924 

Allen 1993 

SR(BCR) 

20 

Plectroglyphidodon lacrymatus 




(Quoy and Gaimard, 1824) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Plectroglyphidodon leucozonus (Bleeker, 1859) 

Allen 1993 

3 

26 

Pomacentrus adelus Allen, 1991 

Allen 1993 



Pomacentrus alexanderae Evermann and Seale, 1907 

Allen 1993 



Pomacentrus amhoinensis Bleeker, 1868 

Allen 1993 

22 


Pomacentrus bankanensis Bleeker, 1853 

Allen 1993 

12, 14, 22, HL90-2 

2, 6, 12, 18, 20, : 

? Pomacentrus brachial is Cuvier, 1830 


14 


Pomacentrus chrysurus Cuvier, 1830 

Allen 1993 

CAS. 25 


Pomacentrus coelestis Jordan and Starks, 1901 

Allen 1993 

1,12, 25, HL90-4 

6, 14, 22, 25, 

Pomacentrus grammorhynchus Fowler, 1918 

Allen 1993 



Pomacentrus lepidogenys Fowler and Bean, 1928 

Allen 1993 

12, HL90-5 


Pomacentrus moluccensis Bleeker, 1853 

Allen 1993 



Pomacentrus nagasakiensis Tanaka, 1917 

Allen 1993 



Pomacentrus nigromarginatus Allen, 1973 



14 

Pomacentrus pavo (Bloch, 1787) 

Hutchins 1998 

HL90-5 

31 

Pomacentrus philippinus Evermann and Seale, 1907 

Allen 1993 

HL90-5,-6 


Pomacentrus reidi Fowler and Bean, 1928 

Allen 1993 



Pomacentrus cf. stigma Fowler and Bean, 1928 

Hutchins 1998 



Pomacentrus taeniometopon Bleeker, 1852 

SI073-196 



Pomacentrus vaiuli Jordan and Seale, 1906 

Allen 1993 

SR(BCR) 

SR(BCR) 

Pomachromis sp. 

SI073-196 



Premnas hiaculeatus (Bloch, 1790) 

Hutchins 1998 



Stegasles albifasciatus (Schlegel and Muller, 1839) 

Allen 1993 



Stegastes fasciolatus (Ogilby, 1889) 

Allen 1993 



Stegasles lividus (Bloch and Schneider, 1801) 

Allen 1993 



Stegastes nigricans (Lacepede, 1801) 

Allen 1993 


25 

CIRRHITIDAE 




Cirhhitlchthys falco Randall, 1963 


SR(BCR) 


Cirrhitichthys oxyceplialus (Bleeker, 1855) 

Allen 1993 


22 

Cirrhitus pinnulatus Schneider, 1801 


3 


Oxycirrhites lypus Bleeker, 1857 

Allen 1993 



Paracirrhites arcatus (Cuvier, 1829) 

Allen 1993 

SR(BCR) 


Paracirrhites J'orsteri (Schneider, 1801) 

Allen 1993 

1, HL90-2 

22 

MUGILIDAE 




Liza vaigiensis (Quoy and Gaimard, 1824) 

Allen 1993 



Valamugil buchanani (Bleeker, 1853) 

Allen 1993 
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B. C. Russell, H. K. Larson, J. B. Hutchins and G. R. Allen 


Family 

Ashmore Reef 

Cartier Reef 

Hibernia Reef 

SPHYRAENIDAE 




Sphyraena barracuda (Walbaum. 1792) 

Hutchins 1998 

17 

SR(BCR) 

Sphyraena flavicauda Riippell, 1835 

Allen 1993 



LABRIDAE 




Anampses caerideopunctatus Riippell, 1829 

Allen 1993 

SIO73-203 


Anampses mcianurus Bleeker, 1857 


SR(BCR) 


Anampses meleagrides Valenciennes, 1840 

Hutchins 1998 



Anampses twistii Bleeker, 1856 

Allen 1993 

HL90-5 

SR(BCR) 

Bodianus anthioides (Bennett, 1831) 


Allen 1996 


Bodianus axillaris (Bennett, 1832) 

Allen 1993 

SR(BCR) 


Bodianus diana (Lacepede, 1801) 

Allen 1993 

14, 22 

SR(BCR) 

Bodianus mesolhorax (Bloch and Schneider, 1801) 

Allen 1993 



Cheilinus celebicus Bleeker, 1853 


14 

20, 25 

Cheilinus chlorourus (Bloch, 1791) 

Allen 1993 

32 

25 

Cheilinus diagrammus (Lacepede, 1802) 

SI073-196 


4, 9 

Cheilinus fasciatus (Bloch, 1791) 

Allen 1993 


14 

Cheilinus oriental is GUnther, 1862 



6, 18 

Cheilinus oxycephalus Bleeker, 1853 

S1073-196 

1, 14 

2, 18, 20 

Cheilinus Irilobatus Lacepede. 1801 

Allen 1993 

SR(BCR) 

SR(BCR) 

Cheilinus undulatus Riippell, 1835 

Allen 1993 



Cheilinus unifasciatus Fowler, 1938 


21 

18 

Cheilio inermis (Forsskal, 1775) 

Allen 1993 

SR(BCR) 


Cirrhilabrus cyanopleura (Bleeker, 1851) 

Allen 1993 



Cirrhilabrus exquisitus Smith, 1957 

Allen 1993 

1, 11, 12,21,22, 32, Allen 1993 

2, 12, 14, 20, 18, 22 

Cirrhilabrus luteovittatus Randall, 1988 


HL90-5 


Cirrhilabrus morrisoni Allen. 1999 



Allen 1999 

Cirrhilabrus randaUi Allen, 1995 

Allen 1995 



Cirrhilabrus cf. temminckii Bleeker, 1853 

Hutchins 1998 



Coris aygula Lacepede, 1801 

Allen 1993 



Coris dorsomacula Fowler, 1908 

Allen 1996 



Coris gaimard (Quoy and Gaimard, 1824) 

Allen 1993 

25 


Coris batuensis (Bleeker, 1856) 

Allen 1993 


SR(BCR) 

Cymolutes praetextatus (Quoy and Gaimard, 1834) 

Allen 1993 



Diproctacanthus xanthurus (Bleeker, 1856) 

Hutchins 1998 



Epibulus insidiator (Pallas, 1770) 

Allen 1993 


14 

Gomphosus varius Lacepede, 1801 

Allen 1993 

12 

SR(BCR) 

Halichoeres hiocellalus Schultz, i960 



20, 22 

Halichoeres chloropterus (Bloch, 1791) 


CAS 


Halichoeres cloys us Randall, 1981 

Allen 1993 

HL90-6, Allen 1993 


Halichoeres hartzfeldli Bleeker. 1852 

Allen 1993 

Allen 1993 


Halichoeres hortulanus (Lacepede, 1801) 

Allen 1993 

CAS, 1, HL90-2 

SR(BCR)C 

Halichoeres margaritaceus (Valenciennes, 1839) 

Allen 1993 

CAS, HL90-4 

26, 31C 

Halichoeres marginatus Riippell. 1835 

Allen 1993 

25, HL90-4 

SR(BCR) 

Halichoeres ntelanochir Fowler and Bean, 1928 

Hutchins 1998 



Halichoeres melanurus (Bleeker, 1851) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Halichoeres nebulosus (Valenciennes, 1839) 

Allen 1993 

3 

26 

Halichoeres ornatissimus (Garrett, 1863) 

Allen 1993 

Allen 1993 


Halichoeres prosopeion (Bleeker, 1853) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Halichoeres scapularis (Bennett, 1831) 

Allen 1993 


SR(BCR) 

Halichoeres trimaculatus (Quoy and Gaimard, 1834) 

Allen 1993 

25, HL90-4 

26, 31C 

Hemigymnus fascial us (Bloch, 1792) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Hemigymnus melapterus (Bloch, 1791) 

Allen 1993 

SR(HKL) 

SR(BCR) 

Hologymnosus doliatus (Lacepede, 1801) 

Allen 1993 

SR(BCR) 

2 

Labrichthys unilineatus (Guichenot, 1847) 

Allen 1993 


25 

Labroides bicolor Fowler and Bean. 1928 

Allen 1993 

SR(BCR) 

SR(BCR) 

Labroides dimidiatus (Valenciennes, 1839) 

Allen 1993 

14, 22, HL90-5 

6, 14 

Labroides pectoralis Randall and Springer, 1975 

Hutchins 1998 



Labropsis australis Randall, 1981 



14, 18 

Macropharyngodon meleagris (Valenciennes, 1839) 

Hutchins 1998 

SR(BCR) 

SR(BCR) 

Macropharyngodon ornatus Randall, 1978 

Allen 1993 

1, HL90-5, Allen 1993 

2, 31 
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Reef fishes of the Sahul Shelf 


Family 


Ashmore Reef 

Cartier Reef 

Hibernia Reef 

Novaculichlhys taeniourus (Lacepede, 1801) 


Allen 1993 


26 

Oxycheilinus celebicus (Bleeker, 1853) 


Allen 1993 



Oxycheilinus digrammus (Lacepede, 1801) 


Allen 1993 



Oxycheilinus unifasciatus (Streets, 1877) 
Paracheilinus mccoskeri Randall and 


Allen 1993 



Harmelin-Vivien, 1977 


Allen 1996 



Pseudocheilinus evanidus Jordan and Evermann, 

1903 

Allen 1993 


18, 20, 25 

Pseudocheilinus hexataenia (Bleeker, 1857) 


Allen 1993 

1, 12, 14, 16, 22, HL90-5,-6 

6, 9, 12, 18, 20, 22 

Pseudocheilinus octotaenia Jenkins, 1900 


Allen 1993 

HL90-5 

2 

Pseudocoris yamashiroi (Schmidt, 1930) 



Allen 1993 


Pseudodax moluccanus (Valenciennes, 1839) 


Allen 1993 

SR(BCR) 

SR(BCR) 

Pteragogus amboinesis (Bleeker, 1856) 




20 

Stethojulis bandanensis (Bleeker, 1851) 


Allen 1993 

SIO73-203, 3, 25 HL90-4 

26 

Stethojulis interrupt a (Bleeker. 1851) 


Allen 1993 



Stethojulis strigiventer (Bennett, 1832) 


Allen 1993 



Stethojulis trilineata (Bloch and Schneider, 1801) 


Hutchins 1998 



Thalassoma amblycephalurn (Bleeker, 1856) 


Allen 1993 

3, 12, 22, 25, 32 

31 

Thalassoma hardwicke (Bennett, 1828) 


Allen 1993 

CAS 


Thalassoma jansenii (Bleeker, 1856) 


Allen 1993 

SR(BCR) 

SR(BCR) 

Thalassoma lunare (Linnaeus, 1758) 


Allen 1993 

1, 25 

6 

?Thalassoma purpureum (Forsskal, 1775) 
Thalassoma quinqueviitatum (Lay and Bennett, 

1839) 

Allen 1993 

3 


Wetmorella albofasciata Schultz and Marshall, 1 

954 

Allen 1993 

SR(BCR) 


Wet morel la nigropinnata (Seale, 1901) 


Hutchins 1998 

14, HL90-5,-6 

14 

?Xyrichtys paw Valenciennes, 1840 



SR(BCR) 


SCARIDAE 

Bolbometopon muricatum (Valenciennes, 1840) 


Hutchins 1998 



Calotomus carolinus (Valenciennes, 1840) 


Allen 1993 



Cetoscarus bicolor (Ruppell, 1829) 


Allen 1993 

SR(BCR) 

25 

Chlorurus microrhinos (Bleeker, 1854) 


Allen 1993 

SR(BCR) 


Chlorurus sordidus (Forsskfil, 1775) 


Allen 1993 

SR(BCR) 

9, 14 

Hipposcarus longiceps (Valenciennes, 1840) 


Allen 1993 

SR(BCR) 

21 

Scarus altipinnis (Steindachner, 1879) 

Scants bleekeri (de Beaufort. 1940) 


Allen 1993 

SR(BCR) 

SR(BCR) 

Scarus dimidiatus Bleeker, 1859 Allen 

1993 (as 5. scaber), Hutchins 1998 

SR(BCR) 

Scarus flavipectoralis Schultz, 1958 


Hutchins 1998 


SR(BCR) 

Scarus forsteni (Bleeker, 1861) 


Allen 1993 

SR(BCR) 


Scarus frenatus Lacepctde, 1801 


Allen 1993 

32 


Scarus gltobban Forsskal, 1775 


Hutchins 1998 



Scarus globiceps Valenciennes, 1840 


Hutchins 1998 



Scarus nigcr Forsskal, 1775 


Allen 1993 

SR(BCR) 

6, 9 

Scarus oviceps Valenciennes, 1840 


Allen 1993 



Scarus psitlacus ForsskSI. 1775 


Hutchins 1998 



Scarus ruhroviolaceus Bleeker, 1847 


Allen 1993 



Scarus schlegeli (Bleeker, 1861) 


Allen 1993 

SR(BCR) 

SR(BCR) 

Scarus spinus (Kner, 1868) 


Allen 1993 



PINGUIPEDIDAE 

Parapercis clathrata Ogilby, 1911 


Allen 1993 

1, 11, 12, 21, HL90-2,-6 

SR(BCR) 

Parapercis cylindrica (Bloch, 1797) 


Allen 1993 



Parapercis hexophthalma (Cuvier, 1829) 


Allen 1993 


SR(BCR) 

Parapercis mulliplicata Randall, 1984 


Hutchins 1998 

22, Allen 1993 


Parapercis snyderi Jordan and Starks, 1905 


Randall 2003 



TRICHONOTIDAE 

Trichonotus elegans Shimada and Yoshino, 1984 


Hutchins 1998 

Allen 1996 



CREEDIIDAE 

Limnichthys donaldsoni Schultz, 1960 
Limnichthys nilidus Smith. 1958 
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B. C. Russell, H. K. Larson, J. B. Hutchins and G. R. Allen 


Family 

Ashmore Reef 

Cartier Reef 

Hibernia Reef 

BLENNIIDAE 




Aspidontus taeniatus Quoy and Gaimard, 1834 

Allen 1993 



Aspidontus dussumieri (Valenciennes, 1836) 

SR(BCR) 



Atrosalarias fuscus (Riippell, 1835) 

Allen 1993 


9 

Blenniella periophthalmus (Valenciennes, 1836) 

Allen 1993 

3, HL90-4 


Cirripecles fdamentosus (Alleyne and Macleay, 1877) 


CAS 


Cirripectes variolosus (Valenciennes, 1836) 


SIO73-203 


Cirripecles sp. 

Hutchins 1998 



Ecsenius bicolor (Day, 1888) 

Allen 1993 

1, 22, 32, HL90-2,-5,-6 

2, 12, 22 

Ecsenius lividanalis Chapman and Schultz, 1952 

Hutchins 1998 



Ecsenius namiyei (Jordan and Evermann, 1903) 

Allen 1996 



Ecsenius ocidus Springer, 1971 


1, HL90-2 


Ecsenius trilineatus Springer, 1972 


12, 14, 22 Allen 1993 

2, 6, 14, 18 

Ecsenius yaeyamaensis (Aoyagi, 1954) 

Allen 1993 

1, HL90-2 

6 

Enchelyurus kraussi (Klunszinger, 1871) 



6 

Exallias brevis (Kner, 1868) 

Hutchins 1998 



Istiblennius edentu/us Bloch and Schneider, 1801 

Hutchins 1998 

HL90-4, Allen 1993 


Istiblennius lineatus (Valenciennes, 1836) 

Hutchins 1998 

Allen 1993 


Istiblennius sp. 


3 


Meiacanthus atrodorsalis (Gunther, 1877) 

Allen 1993 


SR(BCR) 

Meiacanthus grammisles (Valenciennes, 1836) 

Allen 1993 


SR(BCR) 

Petroscirtes mitralus Riippell, 1830 

SIO73-205 



Plagiolremus laudandus (Whitley, 1961) 

Allen 1993 


2 

Plagiotremus rbinorhynchos (Bleeker, 1852) 

Allen 1993 

HL90-5 


Plagiolremus tapeinosoma (Bleeker, 1857) 

Allen 1993 



Salarias fasciatus (Bloch, 1786) 

Allen 1993 

SIO73-203, CAS, 25, HL90-4 

31 

Salarias sinuosus Snyder, 1908 

Allen 1993 

3, 25 

31 

Salarias spaldingi Macleay, 1878 


HL90-4 


Salarias sp. 1 (in Allen 1993) 

Allen 1993 



NOTOGRAPTIDAE 




Nolograplus sp. (in Allen 1993) 

Allen 1993 

HL90-4 


TR1PTERYGIIDAE 




Enneapterygius bichrous Fricke, 1994 

Fricke 1994 

Fricke 1994 


Enneapterygius hemfmelas 




(Kner and Steindachner, 1866) 

Fricke 1994 



Enneapterygius larsonae Fricke. 1994 

Fricke 1994 



Enneapterygius nanus Fricke, 1994 


Fricke 1994 


Enneapterygius tutuilae Fricke, 1994 

Allen 1993 

Fricke 1994 


Enneapterygius ziegleri Fricke, 1994 


Fricke 1994 


?He!cogramma oblusirostre (Klunzinger, 1871) 


3 


Helcogramma striata Hansen, 1986 

Allen 1993 

Fricke 1994 

12, 22 

Helcogramrna sp. 

Allen 1993 



New genus n. sp. 


1 

14, 31 

Norfolkia brachylepis (Schultze. I960) 



6 

Vela xenogrammus Holleman, 1993 

Fricke 1994 



CALLIONYMIDAE 




Callionymus belcheri Richardson, 1844 

SI073-197 



Callionymus delicatulus Smith, 1963 

Fricke 1983 



Callionymus sp. 

Allen 1993 

22, HL90-2.-5, Allen 1993 


Synchiropus ocellatus (Pallas, 1770) 


25 HL90-4 

2 

GOBIIDAE 




Amblyeleotris fasciata (Herre, 1953) 

Allen 1993 

Allen 1993 


Amblyeleotris guttata (Fowler, 1938) 

Hutchins 1998 


6 

Amblyeleotris steinitzi (Klausewitz, 1974) 

Hutchins 1998 



Amblyeleotris wheeleri (Polunin and Lubbock, 1977) 

Hutchins 1998 

21 


Amblyeleotris sp. 

Allen 1993 



Amblvgobius decussatus (Bleeker, 1855) 

Hutchins 1998 



Amblygobius nocturnus (Herre, 1945) 

Hutchins 1998 
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Ashmore Reef Cartier Reef Hibernia Reef 


Amblygobius phalaena (Valenciennes, 1837) 

Allen 1993 



Amblygobius rainfordi (Whitley, 1940) 

Allen 1993 


6 

Amblygobius sp. 

Allen 1993 



Asterropteryx ensiferus (Bleeker, 1874) 

SI073-196 



Asterropteryx semipunctatus Riippell, 1830 

Hutchins 1998 



Asterropteryx spinosus (Goren, 1981) 

Allen 1993 



Bathvgobius cyclopterus (Valenciennes, 1837) 

Allen 1993 



Balhygobitts padangensis (Bleeker, 1851) 

Allen 1993 

Allen 1993 


Bryaninops ampins Larson, 1985 


HL90-6 


Bryaninnps erythrops Jordan and Seale, 1906 



6, 14, 25 

Bryaninops loki Larson, 1985 

Hutchins 1998 


2 

Bryaninops ridens Smith, 1959 



6, 14 

Bryaninops yongei (Davis and Cohen, 1968) 


Allen 1993 


Bryaninops sp. 

Allen 1993 



Cabillus tongarevae (Fowler, 1927) 

Allen 1993 



Cabillus sp. 


HL90-2 

25 

Callogobius centrolepis Weber, 1909 

Allen 1993 



Callogobius maculipinnis (Fowler, 1918) 

Allen 1993 

14 


Callogobius sclateri (Steindachner, 1879) 

Allen 1993 

14 

14 

Callogobius sp. 

Allen 1993 


12, 14 

Callogobius sp. (DFH sp. 11) 



14 

Cryptocentrus cinctus (Herre, 1936) 

Allen 1993 



Cryptocentrus leucostictus (GUnther, 1871) 

Hutchins 1998 



Cryptocentrus strigilliceps (Jordan and Seale, 1906) 

Allen 1993 

SR(HKL) 


Ctenogobiops crocineus Smith, 1959 

Allen 1993 



Ctenogobiops feroculus Lubbock and Polunin, 1977 

Allen 1993 



Ctenogobiops pomastictus Lubbock and Polunin, 1977 Allen 1993 



Eviota afelei Jordan and Seale, 1906 

Lachner and Karnella 1980 

HL90-5,-6 


Eviota albolineata Jewett and Lachner, 1983 


12, 32, HL90-2.-6 

20 

Eviota bifasciata Lachner and Kamella, 1980 



12 

Eviota distigma Jordan and Seale, 1906 

Allen 1993 


25 

Eviota herrei Jordan and Seale, 1906 



6, 13 

?Eviota indica Lachner and Kamella, 1980 


1, 14 


Eviota latifasciata Jewett and Lachner, 1983 

Allen 1993 



Eviota melasma Lachner and Karnella, 1980 

Allen 1993 

HL90-5.-6 

6, 14 

Eviota nebulosa Smith, 1958 

Allen 1993 

HL90-2 

2 

Eviota nigriventris Giltay, 1933 

Hutchins 1998 



?Eviota prasina (Klunzinger, 1871) 


3, 12, 25, 32 


Eviota prasites Jordan and Seale, 1906 

Hutchins 1998 


14 

Eviota punctulata Jewett and Lachner, 1983 

Allen 1993 



Eviota queenslandica Whitley, 1932 

Lachner and Karnella 1980 

7, HL90-4 


Eviota sparsa Jewett and Lachner, 1983 

Allen 1993 

1 


Eviota spilota Lachner and Karnella, 1980 

Allen 1993 



Eviota zonura Jordan and Seale, 1906 

Lachner and Karnella 1980 


31 

Eviota sp. 


3, 16, 22 

6, 13, 14, 20 

Eviota cf. afelei Jordan and Seale, 1906 


14,32 

6,12 

Eviota cf. prasites Jordan and Seale, 1906 



6 

Eviota cf. sebreei Jordan and Seale, 1906 


32 


Eviota sp. 1 (in Allen, 1993) 

Allen 1993 



Eviota sp. 2 (in Allen, 1993) 

Allen 1993 



Eviota sp. 3 

Allen 1993 



Eviota sp. 4 

Allen 1993 



Exyrias bellissimus (Smith, 1959) 

Allen 1993 



Feia nymplw Smith, 1959 



14,25 

Fusigobitis duospilus Hoese and Reader, 1985 


12,14,22 

20 

Fusigobitts gracilis Randall, 2001 

(DFH sp. 2) Allen 1993 


142,6,20 

Fusigobitis humeral is Randall, 2001 

(DFH sp. 8) Allen 1993 

HL90-5.-6 


Fusigobitts longispinus Goren, 1978 


22 HL90-5 

12 

Fusigobitis neopliytus (Gunther, 1877) 

Allen 1993 



Fusigobius signipinnis Hoese and Obika, 1988 



14,25 

Fusigobitts DFH sp. 4 

Allen 1993 

Allen 1993 


Gnatholepis anjerensis (Bleeker, 1851) 

Randall and Greenfield 2001 




101 



B. C. Russell, H. K. Larson, J. B. Hutchins and G. R. Allen 


Family 

Ashmore Reef 

Cartier Reef 

Hibernia 1 

Gnalholepis caurensis (Bleeker, 1853) 

Allen 1993 

Allen 1993 

14,25 

Gnatholepis sp. 


3,12,14, HL90-2,-5,-6 

2,6,20 

Gobiodnn citrinus (Ruppell, 1838) 

Allen 1993 



Gobiodon okinawae Sawada, Arai and Abe, 1972 

Allen 1993 



Gobiodnn quinquestrigatus (Valenciennes, 1837) 

Hutchins 1998 

HL90-2 


Gobiodon rivtdatus (Ruppell, 1830) 


12, 24 

6,13,22 

Gobiodon DFH sp. 3 


HL90-2 


Gobiopsis angustifrons Lachner and McKinney, 1978 

Allen 1993 



Istigobius decoral us (Herre, 1927) 

Allen 1993 

14. HL90-5.-6 


Istigobius goldmanni (Bleeker, 1852) 

Allen 1993 



Istigobius rigilius (Herre, 1953) 

Hutchins 1998 



Istigobius sp. (in Allen 1993) 

Hutchins 1998 



Lotilia graciliosa Klausewitz, 1960 



SR(BCR) 

Macrodontogobius wilburi Herre. 1936 

Allen 1993 

HL90-6 


Oplopomus diacanthus Schultz, 1943 

Allen 1993 



Palutrus sp. 



18 

Paragobiodon echinocephalus (Ruppell, 1830) 


SIO73-203 


Paragobiodon melanosomus (Bleeker, 1852) 

Hutchins 1998 

7,16 

6 

Paragobiodon modestus (Regan, 1908) 

Allen 1993 

HL90-2 

31 

Paragobiodon xantbosomus (Bleeker, 1852) 

Allen 1993 

16 

6,13 

Paragobiodon sp. 1 (in Allen 1993) 

Allen 1993 



Paragobiodon sp. 2 (in Allen 1993) 

Allen 1993 



Paragobiodon sp. 3 (in Allen 1993) 

Allen 1993 



Paragobiodon sp. 4 (in Allen 1993) 

Allen 1993 



Pleurosicya coerulea Larson, 1990 

Larson 1990 



Pleurosicya elongata Larson, 1990 

Larson 1990 



Pleurosicya fringilla Larson, 1990 

Larson 1990 

12, HL90-2.-6 


Pleurosicya labiata (Weber, 1913) 

Larson 1990 

14,22 


Pleurosicya mossambica Smith. 1959 


32, HL90-6 

6,25 

Pleurosicya muscarum Jordan and Seale, 1906 


HL90-5,-6 


Priolepis cinctus (Regan. 1908) 

Allen 1993 



Priolepis semidoliatus (Valenciennes, 1837) 

Allen 1993 

Allen 1993 


Pleurosicya sp. 


HL 90-5 


Signigobius hiocellatus Hoese and Allen. 1977 

Allen 1993 



Sueviota lachneri Winterbottom and Hoese, 1988 

Allen 1993 


18 

Trimma caudomaculuta Yoshino and Araga, 1975 


HL90-5 


Trimma eviolops Schultz, 1954 


HL90-2 


Trimma fraena Winterbottom, 1983 

Allen 1993 



Trimma mactrophthalma (Weber, 1909) 


1,22 HL90-5.-6 

2,6,12,14,18 

?Trimma mendelssohni (Goren, 1978) 


14 

14,20 

Trimma naudei Smith, 1956 

Allen 1993 



Trimma okinawae (Aoyagi, 1949) 

Allen 1993 

12.14,32 


Trimma sheppardi Winterbottom, 1983 

Allen 1993 

32 


Trimma striata (Herre, 1945) 

Allen 1993 


6,25 

Trimma tevegae Cohen and Davis, 1983 


HL90-5 


Trimma sp. 1 (in Allen 1993) 

Allen 1993 

3 

2,18 

Trimma sp. 2 (in Allen 1993) 

Allen 1993 



Trimma sp. 3 (in Allen 1993) 

Allen 1993 



Trimmalom eviolops Schultz, 1943 

Allen 1993 



Trimmatom macropodus Winterbottom, 1989 



Allen 1996 

Trimmalom cf. nanus Winterbottom and Emery, 1981 

Allen 1993 



Valenciennea longipinnis (Lay and Bennett, 1839) 

Allen 1993 



Valenciennea parva Hoese and Larson, 1994 

Hutchins 1998 



Valenciennea puellaris (Tomiyama, 1956) 

Allen 1993 



Valenciennea sexguttata (Valenciennes, 1837) 

Hutchins 1998 



Valenciennea strigata (Broussonet, 1782) 

Allen 1993 


31 

Vanderhorstia ambanoro (Fourmanoir, 1957) 

Hutchins 1998 



Vanderhorstia ornatissima Smith, 1959 

Hutchins 1998 

HL90-5 


XENISTHMIDAE 




Xenisthmus clara (Jordan and Seale, 1906) 

Allen 1993 


31 

Xenisthmus polyzonatus (Klunzinger, 1871) 

Allen 1993 

12 

22 
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Family 


Ashmore Reef Cartier Reef Hibernia Reef 


Xenisthmus sp. 


21 

6 

KRAEMERIIDAE 




Kraemeria samoensis Steindachner, 1906 

Allen 1993 



M1CRODESMIDAE 




?Aioliops telrophlhalmus Rennis and Hoese, 1987 



14 

Gunnellichthys copleyi (Smith, 1951) 

Allen 1993 



Nemaleleotris magnified Fowler, 1938 

Allen 1993 


SR(BCR) 

Plereleolris evides (Jordan and Hubbs, 1925) 

Allen 1993 


SR(BCR) 

Plereleolris heteroptera (Bleeker, 1855) 


Allen 1993 


Plereleolris microlepis (Bleeker, 1856) 

Hutchins 1998 



Plereleolris zebra (Fowler. 1938) 

Allen 1993 



Plereleolris sp. 



McCosker 1975(19) 

ACANTHURIDAE 




Acanlhurus bariene Lesson, 1830 

Allen 1993 

SR(BCR) 


Acanthurus blochii Valenciennes, 1835 

Allen 1993 



Acanlhurus dussumieri Valenciennes, 1835 

Hutchins 1998 



Acanlhurus lineatus (Linnaeus, 1758) 

Allen 1993 

S1O73-203, CAS, 3 

SR(BCR) 

Acanlhurus mala Cuvier, 1829 

Hutchins 1998 



Acanlhurus nigricans (Linnaeus, 1758) 

Allen 1993 

1,32, HL90-2.-5 

SR(BCR) 

Acanlhurus nigricaudus Duncker and Mohr, 1929 

Allen 1993 



Acanlhurus nigrofuscus (Forsskal, 1775) 

Hutchins 1998 

CAS. 25, HL90-5 

6,31 

Acanlhurus olivaceus Forster. 1801 

Allen 1993 

SR(BCR) 

26 

Acanlhurus pyroferus Kittlitz, 1834 

Allen 1993 

SR(BCR) 

25 

Acanlhurus tlwmpsoni (Fowler, 1923) 

SR(BCR) 

SR(BCR) 


Acanlhurus trioslegus (Linnaeus, 1758) 

Allen 1993 

3, HL90-4 

31 

Acanlhurus xanlhoplerus Valenciennes, 1835 

Allen 1993 

SR(BCR) 


Clenochaelus binotatus Randall, 1955 

Allen 1993 

14,22 

2,20,22 

Ctenochaelus striatus (Quoy and Gaimard, 1825) 

Allen 1993 


14 

Clenochaelus cyanocheilus 




Randall and Clements, 2001 Allen 

1993 (as C. slrigosus) 

HL90-5 


Naso annulalus (Quoy and Gaimard. 1825) 

Hutchins 1998 

Allen 1996 

Allen 1996 

Naso brachycentron (Valenciennes, 1835) 

Hutchins 1998 

SR(BCR) 


Naso brevirosiris (Valenciennes, 1835) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Naso hexacanthus (Bleeker, 1855) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Naso lituralus (Forster, 1801) 

Allen 1993 

SR(HKL) 

SR(BCR) 

Naso maculalus Randall and Struhsaker, 1981 

Allen 1993 



Naso Ihorpei Smith, 1966 


Allen 1996 


Naso ihynnoides (Valenciennes, 1835) 


Allen 1996 


Naso luberosus Lacepede, 1801 

Allen 1993 

SR(BC’R) 


Naso unicornis (ForsskSl, 1775) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Naso vlamingii (Valenciennes, 1835) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Zebrasoma scopas (Cuvier, 1829) 

Allen 1993 


20 

Zebrasoma veliferum (Bloch, 1797) 

Allen 1993 


14 

ZANCLIDAE 




Zanclus cornutus (Linnaeus, 1758) 

Allen 1993 

SR(BCR) 

SR(BCR) 

S1GANIDAE 




Siganus argenteus (Quoy and Gaimard, 1825) 

Allen 1993 

SR(HKL) 

SR(BCR) 

Siganus corallinus (Valenciennes, 1835) 

Hutchins 1998 



Siganus doliatus Cuvier, 1830 

Allen 1993 



Siganus lineatus (Valenciennes, 1835) 

Hutchins 1998 



Siganus puellus (Schlcgel, 1852) 

Allen 1993 


SR(BCR) 

Siganus punctatissimus Fowler and Bean, 1929 

Allen 1993 



Siganus punctalus (Schneider, 1801) 

Hutchins 1998 

SR(BCR) 

SR(BCR) 

Siganus vulpinus (Schlegel and Muller, 1845) 

Allen 1993 


SR(BCR) 


SCOMBR1DAE 

Euthynnus affinis (Cantor, 1849) S1073-192 
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Family 


Ashmore Reef Cartier Reef Hibernia Reef 


?Grammatocynus bilineatus (Riippell, 1836) 


SR(BCR) 


Grammatorcynus bicarinatus (Quoy and Gaimard, 




1825) 

Hutchins 1998 



Gymnosarda unicolor (Riippell, 1836) 

Allen 1993 

28 


?Rastrelliger kanagurta (Cuvier, 1817) 


SR(BCR) 


Scomberonwrus commerson (Lacepede, 1800) 

Hutchins 1998 


SR(BCR) 

ISTIOPHORIDAE 




Istiophorus platypterus (Shaw and Nodder. 1792) 

Allen 1993 



Makaira mazara (Jordan and Snyder, 1901) 

Nakamura 1983 



NOMEIDAE 




Psenes cyanophrys Valenciennes, 1833 




BOTHIDAE 




Bothus mancus (Broussonet, 1782) 

Allen 1993 



Bothus pantherinus (Riippell, 1830) 

Allen 1993 

SR(RCW) 

13 

Asterorhombus sp. 

Allen 1993 



PLEURONECTIDAE 




Samariscus Iriocellatus Woods, 1966 

Allen 1993 

HL90-6 


SOLEIDAE 




Aesopia heterorhinos (Bleeker, 1856) 

Allen 1993 


14 

Pardachirus pavoninus (Lacepede, 1802) 



13 

Soleichthys sp. (in Allen 1993) 

Allen 1993 



Synaptura aspilos Bleeker, 1852 

Allen 1993 



BALISTIDAE 




Balistapus undulatus (Park, 1797) 

Allen 1993 

21 

SR(BCR) 

Balistoides conspicilium (Bloch and Schneider, 1801) 

Allen 1993 

HL90-6 

SR(BCR) 

Balistoides viridescens (Bloch and Schneider. 1801) 

Allen 1993 



Melichthys vidua (Solander. 1844) 


6 


Odonus niger (Riippell, 1837) 

Allen 1993 

SR(BCR) 


Pseudobalistes flavimarginatus (Riippell, 1829) 

Allen 1993 

SR(BCR) 

SR(BCR) 

Pseudobalistes fuscus (Bloch and Schneider, 1801) 

Hutchins 1998 



Rhinecanthus aculeatus (Linnaeus, 1758) 

Allen 1993 

SR(BCR) 

26 

Rhinecanthus reclangulus (Bloch and Schneider, 1801) 

Allen 1993 


SR(BCR) 

Rhinecanthus verrucosus (Linnaeus, 1758) 

Allen 1993 


26 

Sufflamen bursa (Bloch and Schneider, 1801) 

Allen 1993 

SR(BCR) 

22 

Sufflamen chrysopterus (Bloch and Schneider, 1801) 

Allen 1993 



Sufflamen fraenatus (Latreille, 1804) 

Allen 1993 



MONACANTHIDAE 




Amanses scopas (Cuvier, 1829) 

Allen 1993 


SR(BCR) 

Cantherhines dumerili Bollard, 1854 

Allen 1993 



? Cantherines fronticinctus 




(Playfair and Giinther, 1867) 


SR(BCR) 


Cantherhines pardalis (Riippell, 1837) 

Hutchins 1998 


Allen 1993 

Oxymonacanthus longirostris 




(Bloch and Schneider, 1801) 

Allen 1993 


SR(BCR) 

Paraluteres prionttrus (Bleeker, 1851) 

Allen 1993 


25 

Pervagor melanocephaltis (Bleeker. 1854) 

Allen 1993 



Pseudalutarius nasicornis 




(Temminck and Schlegel. 1850) 

SI073-197 



OSTRACIIDAE 




Ostracion cubicus Linnaeus, 1758 

Allen 1993 



Ostracion meleagris Shaw, 1796 

Hutchins 1998 

SR(BCR) 


TETRAODONTIDAE 




Arothron hispidus (Linnaeus, 1758) 

Allen 1993 
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Family 

Ashmore Reef 

Cartier Reef 

Hibernia Reef 

Arothron immaculatus (Bloch and Schneider, 1801) 
Arothron manilensis (de Proce, 1822) 

Arothron mappa (Lesson, 1830) 

Arothron nigrppunctatus (Bloch and Schneider, 1801) 

Hutchins 1998 
Hutchins 1998 
Hutchins 1998 

Allen 1993 

SR(BCR) 

21 

Arothron stellatus (Bloch and Schneider, 1801) 

Allen 1993 

SR(BCR) 


Canthigaster hennetti (Bleeker. 1854) 

Allen 1993 


26 

Canthigaster janthinoplera (Bleeker, 1855) 

Allen 1993 

14, HL90-5 


Canthigaster sotandri (Richardson, 1844) 

Allen 1993 


SR(BCR) 

Canthigaster valentini (Bleeker, 1853) 

Allen 1993 


6 

DIODONTIDAE 

Diodon Ityslrix Linnaeus, 1758 

Allen 1993 

SR(BCR) 

McCosker 1975 

Diodon liturosus Shaw, 1806 

Hutchins 1998 
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Insects and other terrestrial invertebrates recorded from Ashmore Reef National 
Nature Reserve and Cartier Island Marine Reserve 

GRAHAM R. BROWN 

Plant Health Branch, Department of Business, Industry and Resource Development 
GPO Box 3000, Darwin NT 0801, AUSTRALIA 
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ABSTRACT 

The insect fauna of Ashmore Reef National Nature Reserve was surveyed in May 1995 and June 2002. Additional 
specimens, mostly held in the Museum and Art Gallery of the Northern Territory, were also examined, as were three 
unpublished reports. A total of 158 species of insect are recorded, of which at least 35 are currently established. Of 
these, the Lepidoptera, Diptera, I lemiptera, Hymenoptera, Coleoptera and Orthoptera arc the most diverse (in decreasing 
order). Other orders present are Thysanura, Odonata, Blattodea, Mantodea, Embioptera, Psocoptera, Phthiraptera, 
Thysanoptera and Neuroptera. In addition to insects, a single species each is recorded for springtail, slater, tick, mite, 
millipede, centipede, pseudoscorpion, and at least 10 species of spider. The presence of the ginger ant Solenopsis 
geminata and the Asian house gecko Hemidactylus frenatus is of ecological concern. Cartier Reef had a single species 
each of Coleoptera, Diptera and Acarina. 

Keywords. Ashmore Reef, Cartier Island, insects, terrestrial invertebrates. 


INTRODUCTION 

Ashmore Reef National Nature Reserve is located 
approximately 850 km west of Darwin, and contains 
three permanently emergent cays: East Island 
(12°15.74’S, 123°05.68’E), Middle Island (12°16.02’S, 

123°01.88’ E) and West Island (12°14.49’S, 
122°57.88’E). These are predominantly covered with 
grass and other low herbaceous or sprawling plants. 
There are few trees or shrubs, with the exception of 
octopus bush, which forms a bordering ring on West 
Island. It, and other species, also occur as scattered 
bushes on the perimeter of all three islands, and there 
are two and three planted coconut trees on West and 
Middle Island, respectively. In total, 36 species of 
terrestrial plants have been record at various times on 
these islands (Pike and Leach 1997). 

The islands are important nesting sites for turtles 
and a wide variety of sea birds including terns, noddies, 
frigatebirds, tropic birds and boobies. In recent years, 
there has been an increase in the number of people 
visiting the islands, especially with the arrival of illegal 
immigrants, and all have an impact on the insect fauna. 

Insect collecting at Ashmore Reef has been sporadic 
in the past, with the most comprehensive collecting 
having been undertaken by: Des Pike, a former warden 
of the Ashmore Reef and Cartier Island Marine Reserve 
during many trips, but especially in March, April and 
May 1992; myself during May 1995 (together with 


Pike) and June 2002; Steven Gregg, Museum and Art 
Gallery of the Northern Territory (MAGNT); and Tony 
Postle, Northern Australian Quarantine Strategy 
(NAQS), Broome, during February 2000. Only two 
reports on the insect fauna (Pike 1992; Brown 1999) 
have been written: Brown (1999) listed 127 species of 
insects in 67 families, as well as seven families of 
spiders, and single species of pseudoscorpion (order 
Pseudoscorpionida), centipede (order Scolopendrida) 
and millipede (order Polyxenida). The material 
collected by Pike (1992) was re-examined by Brown 
and incorporated into his report (Brown 1999). 

Subsequently, Postle (pers. comm.) listed 48 species 
of insects in 39 families as well as a slater (order 
Isopoda), a tick and a mite (order Acarina), a springtail 
(order Collembola), and an unknown number of spiders 
(order Araneida) from his survey in February 2000. 
Most of these, apart from the ants, moths and butterflies, 
were identified only to family level. 

Cartier Island is located approximately 46 km south¬ 
east of Ashmore Reef, and has a single emergent sand 
cay (12°31,85’S, I23°33.31 ’E). This cay is unvegetated 
and contains little driftwood or flotsam. It is used 
extensively as a turtle nesting site. There appears to be 
no previous record of insects having been collected on 
Cartier Island. 

This paper lists the insects recorded from Ashmore 
Reef and Cartier Island, and discusses some 
implications of their presence. 
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METHODS 

Ashmore Reef was visited from 8-18 May 1995 and 
again from 11-20 June 2002 to survey the insect fauna. 
Both trips were undertaken under the auspices of the 
Department of the Env ironment and Heritage (or Parks 
Australia North as it was in 1995), and insects were 
collected by hand netting. Malaise trap, collecting at 
white incandescent lights, Moericke traps, and by 
searching sand, leaf litter, under rocks and logs, on 
plants, and by sweeping vegetation. Because of 
concerns over disturbance to nesting birds, bird 
rookeries were given only cursory attention, especially 
on East and Middle Islands, and most collecting was 
therefore undertaken on West Island. However, East and 
Middle Islands were each visited at least once during 
both surveys. 

During the first visit in 1995, the Malaise trap was 
set up amongst octopus bushes, Argusia argentea, near 
the western end of West Island. Moericke traps (yellow 
fluid filled dishes) were placed under octopus bushes on 
West Island near the southern end of the island. The latter 
were successful only in collecting hermit crabs, and their 
use was discontinued without collecting any insects. 
Collecting at lights was either at the camp site (by Pike) 
at the southern end of West Island, or on board the Aurelia 
IV This boat provided accommodation during the trip 
and was anchored in the inner lagoon approximately 1.25 
km off the southern tip of West Island. 

During the second visit in 2002, Moericke traps were 
not used, based on their previous ineffectiveness, and 
a Malaise trap (Fig. 1) was situated on the southern 
end of West Island (12° 14.6’S, 122°58.2’E). Collecting 
at lights was also undertaken on the Australian Customs 
Vessel Holdfast Bay which provided accommodation, 
and was anchored at the outer mooring (12° 13.22’S, 

123°00.35’E) 5.2 km from the southern tip of West 
Island, 5.9 km from Middle Island and 10.8 km from 
East Island. During this visit, a short visit to Cartier 



Fig. 1. Malaise insect trap set on West Island. 


Island was also made on 14 June. This island is located 
approximately 46 km south east of Ashmore Reef, and 
has a single emergent sand cay (12°31.85’S, 
I23 0 33.31’E). It is unvegetated and contains little 
driftwood (Fig. 2) or flotsam and is used extensively 
by turtles as a nesting site. 

As well as material collected or observed during 
these two visits, the following records are also 
incorporated: 

1. material collected by Pike, a former warden of 
the Reserves, especially in 1992 and 1995, including 
all material listed in 1992 (Pike 1992) but excluding 
the following, which could not be located: 

Mantodea 

unknown ootheca 
Coleoptera: Coccinellidae 

Menochilus [ =Cheilonemes\ 
sexmaculatus (Fabricius) 

Lepidoptera: Noctuidae 
Helicoverpa sp. A 
Othreis materna (Linnaeus) 

Lepidoptera: Sphingidae 

Cephonodes kingii (W.S. Macleay) 
Hymenoptera: Evaniidae 
Evania sp. 

2. specimens collected by S. Gregg in October 1998; 

3. cockroaches collected by Paul Horner in August 

2000; 

4. specimens (arctiid moths and caterpillars (family 
Arctiidae), an unidentifiable nocluid moth (Noctuidae), 
a Iadybeetle (Coccinellidae), a stink bug 
(Pentatomidae), cockroaches (Blatte 11idae and 
Blaberidae), a grasshopper (Acrididae) and a mealybug 
(Pseudococcidae)) collected by R. McDonald in early 
2001 (no other data available, and most specimens not 
retained); 

5. a list of species provided by A. Postle, NAQS, 
following a survey in February 2000. 

Most material, apart from that collected by Postle 





Hg. 2. Cartier Island looking west showing driftwood on the beach. 
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and unsuitable specimens, is held in MAGNT. 

For each species, an assesment was made as to 
whether it was established on Ashmore. This is 
necessarily very subjective, and in most cases could 
not be determined. As a result, the status of most species 
is therefore listed as unknown. Repeated sightings over 
a number of years, however, were interpreted as the 
species being established. Other species, such as well 
known migrants, may be regular seasonal visitors, but 
are not established. Several habitats were recognised 
as being suitable for insects as follows, and the results 
are discussed under each habitat type. 

RESULTS 

An annotated list of insect species and related 
arthropods for Ashmore Reef is given in Appendix 1 
and for Cartier Island in Appendix 2. A summary of 
species recorded and an estimate of estimated species 
numbers is given in Table 1. 


Table 1. Numbers of insects and other arthropods recorded from 
Ashmore Reef with estimates of proportions established. 


Taxa Number of 

species 
recorded 

Number of 
species 
established 

0/ 

/o 

established 

Non-insects 

Isopoda 

1 

?1 

7100 

Diplopoda 

1 

?1 

7100 

Scolopendrida 

1 

?1 

7100 

Pseudoscorpionida 

1 

? 

7 

Acarina 

2 

? 

7 

Araneida 

10 

7 

7 

Collembola 

1 

? 

7 

Insects 

Thysanura 

1 

i 

100 

Odonata 

6 

0 

0 

Blattodea 

5 

1 

20 

Mantodea 

1 

0 

0 

Orthoptera 

8 

6 

75 

Embioptera 

1 

1 

100 

Psocoptera 

1 

7 

7 

Phthiraptera 

1 

7 

7 

Hemiptera 

21 

4 

19 

Thysanoptera 

1 

? 

7 

Neuroptera 

2 

i 

50 

Coleoptera 

14 

5 

36 

Diptera 

30 

6 

20 

Lepidoptera 

50 

5 

10 

Hymenoptcra 

17 

5 

29 

Total insects 

158 

33 

21 

Total all species 

175 

36 

21 


Insect habitats. Marine. There are few insects 
adapted to the marine environment. At Ashmore Reef, 
marine insects are represented only by a few species 
of water striders (Gerridae). In northern Australia 
several species of Halobates occur, occupying a variety 


of niches from low to high salinity and including 
estuary, mangrove, intertidal reef flat, lagoon and open 
ocean habitats. However, they can be difficult to find 
unless present in high numbers. 

Although specimens were not specifically searched 
for away from land, H. princeps has been recorded from 
the reef (as H. asbmorensis) by Malipatil (1988), and 
H. germanus was recorded by Andersen and Weir 
(1994). At least one species was collected by Gregg in 
October 1998. 

Beach. Beach insects were rare. This is probably due 
to the small amount of organic material washed up onto 
the beach, and to competition from the comparatively 
larger and very abundant hermit crabs and amphipods. 
The former were common in May 1995 and also ranged 
into vegetated parts of the islands. However, they were 
uncommon in June 2002, and were rarely found in the 
vegetated parts of the islands. Amphipods were common 
on both occasions, but appeared to be less so on higher 
parts of the beach in June 2002. 

The only insects found in (or associated with) this 
zone were flies. Trichocanace atra (Canacidae) was 
collected on all three islands at the high tide mark in 
May 1995. It was common and occurred in numbers of 
50 or more on the two occasions it was collected. On 
West Island it was associated with seaweed. It was not 
found in June 2002. An unidentified midge 
(Chironomidae) was collected on West Island by Gregg 
in October 1998, and by Postle in February 2000, and 
on Cartier Island in June 2002. At the vegetation line, 
a species of the Hecamede complex (Ephydridae) was 
common on West Island in May 1995, and was present 
on East Island in June 2002. This species appears to be 
attracted to light coloured objects as it alighted on skin, 
pale cloth and orange peel as readily as it landed on 
sand. It was not observed in the open or further into 
the vegetated areas of the islands, although it may occur 
in these areas. Flies of this family are often found near 
fresh or salt water. Larval habits for this family are 
diverse, and larvae may be aquatic or live within stems 
or plant shoots feeding on sap or other plant materials. 
Some species have been recorded feeding on single- 
celled algae. 

One specimen of Lispe sp. (Muscidae) was collected 
at lights on the Aurelia IV at anchor in the lagoon in 
May 1995; none were found in 2002. The larvae of Lispe 
occur near fresh or salt water, and are probably 
predatory. Adults may be common near areas such as 
beach and sand Hats near water, but none were found 
in this situation or near the well during the visit. 

The flesh fly Heteronychia australis 
(Sarcophagidae) occurred on all the islands in May 
1995, and was readily attracted to meat. This species is 
widespread in Australia, including Lord Howe Island, 
as well as New Caledonia and Samoa. It has been reared 
from dead snails and dead grasshoppers, and like most 
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species of the family, is a carrion feeder. It was collected 
from seaweed washed up on the beach, and from the 
Malaise trap. An unidentified species was observed on 
West Island in June 2002, but it was uncommon. 

Shrubs. Shrubs, particularly octopus bush, are 
amongst the tallest plants on the islands (apart from 
the coconut trees). Shrubs predominate particularly on 
the margins of West Island and provide higher resting 
places and shelter from the sun and wind. This shelter 
applies both to w ithin the canopy of individual shrubs 
and to the adjacent ground cover. Consequently, it is 
not always possible to easily distinguish between 
“shrub” and “grasses, herbs and creepers” habitats (as 
discussed in the following section). For example, the 
three small species of blattelI id cockroach (Blattel Iidae) 
were all collected on or near octopus bushes and may 
simply rest in shrubs during the day. Similarly, in most 
cases, it was not possible to determine which moths 
were associated with shrubs (as larval or adult food 
plants), and which were simply resting in nearby taller 
plants. 

Most insects associated with shrubs were collected 
from octopus bush (Fig. 3). These included the green 
pentatomid tentatively identified as near Plautia sp. 
(Pentatomidae), the large green katydid Polichne sp. 
(Tettigoniidae) and the larvae of the arctiid moth 
Utethesia sp. (Arctiidae). The pentatomid is a sap feeder 
and both adults and nymphs were present in May 1995, 
but neither were found in June 2002. The katydid was 
found in no other habitat other than being attracted to 
lights in May 1995. In June 2002, no adults of this 
species were found, although nymphs collected on 
octopus bush may be this species. Polichne sp. probably 
feeds on the foliage of octopus bush (although some 
tettigoniids are also predatory). The caterpillars of 
Utethesia spp. (Arctiidae) were common and were 
observed feeding on the leaves of octopus bush on West 
Island during both visits, although larvae were rare in 
June 2002. 



Hf>. 3. Octopus bush (Argusia argentea) in flower on East Island. 
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Shrubs also provided a suitable substrate for spiders 
such as jumping spiders (Salticidae) and web spinning 
spiders, particularly those of the family Araneidae. 
Paratrechina ants (Formicidae) were conspicuous 
foraging on the trunks and leaves. 

There was no evidence of either borers or termites 
in dead octopus bushes. 

Grasses, herbs and creepers. The ground cover of 
the islands varied from about ankle length where the 
substrate was very rocky and hard, to or above knee 
height in other places and included grasses and a 
mixture of herbaceous plants including Ipomoea. 

Collecting on grass between the octopus bushes 
tended to be more productive as this habitat also 
provided some protection from wind and sun than more 
open grassed areas. It was particularly productive for 
groups such as dragonflies and butterflies, although 
the damselfly Ischnura aurora (Coenagrionidae) was 
collected from longer grass near a concrete slab. 
Flowever, it was often difficult to determine if an insect 
was actually associated with the grass, herbs, or 
adjacent shrubs. Bugs, Ieafhoppers, moths, 
grasshoppers and crickets were common in this habitat 
during May 1995. In June 2002, this habitat was much 
drier, and the vegetation much shorter, and relatively 
few insects were found. 

A small white moth, Anisodes ?obrinaria 
(Geometridae), was associated with the white flowering 
Ipomoea during both visits. However, no larvae or 
pupae were found. There was evidence of mining in 
the leaves in May 1995 but this type of damage is not 
typical of geometrid caterpillars, and may have been 
produced by another species. This damage was not 
noticed in June 2002, although the moths were relatively 
common. 

The small moths (Pterophoridae) were associated 
with the pink flowering tar vine Boerhavia sp., 
especially near octopus bush, or where partially 
protected from the wind. The moth did not seem to 
occur in the open amongst the grass, and was common 
during both visits. 

Most crickets and grasshoppers are plant feeders, 
particularly on grasses, although the nymphs of 
Oecanthus rufescens (Gryllidae) may also be predatory 
on other insects, while the cricket tentatively identified 
as a species of Trigonidopmorpha or Melioche 
(Gryllidae) are most frequently found on the leaves of 
other plants. Neither the taxonomy nor the biology is 
well known for the Australian fauna, but Pycnostictus 
seriatus (Acrididae) at least, is widespread in Australia 
and occurs in Timor, while O. rufescens occurs as far 
west as India. Teleogryllus oceanicus (Gryllidae) is 
widespread in northern Australia and extends 
throughout Oceania as far east as Hawaii. It normally 
lives near permanent water, and may be a recent 
introduction to Ashmore Reef (see Introduced Species 
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below). In June 2002, only the grasshoppers Aiolopus 
sp. and Pycnostictus seriatus were relatively common, 
although all species of Orthoptera were less common 
that in June 1995. 

The green lacewing, Plesiochrysa ram bur i 
(Chrysopidae) is a widespread species which occurs 
from Malaysia to Samoa, and throughout Australia. It 
is a slow flier, and was collected by sweeping between 
octopus bushes and by Malaise traps. Adults also are 
readily attracted to lights, while nymphs are predatory 
on small insects. It was recorded during both visits. An 
unidentified species of dusty-wings (Coniopterygidae) 
was collected in the Malaise trap in June 2002. 

Agromyzid larvae (Agromyzidae) are leaf miners 
or gall formers in plants (probably not grasses), 
although no mines or galls were found during surveys, 
and no adults were found during June 2002. 

A number of other flies are associated with the decay 
and decomposition of plants. These include those of 
the families Drosophilidae (especially fermenting 
material), Ulidiidae (= Otitidae) and Stratiomyidae. The 
large, diverse and poorly studied Chloropidae also 
contains some species that are associated with decaying 
plant material, although many other species are 
associated with or are parasites of animals. Most of 
these groups were uncommon, although Acrosticta sp. 
(Ulidiidae) was more abundant in June 2002, but the 
ferment fly (Drosophilidae) was not observed. 

The webspinner genus Aposthonia (Oligotomidae) 
is widespread in both Australia and tropical Asia (Ross 
1999). These small insects live in small silken galleries 
and feed on plant material including bark, leaves and 
lichen. Adult males are attracted to light. It was present 
in small numbers during both visits. 

The lady beetles, Coccinella transversalis and 
Menochilus [=Cheilonemes\ sexmaculatus 
(Coccinellidae), are predatory on other small 
invertebrates, but will feed on pollen. The former was 
present on both occasions, but was rare in June 2002. 
The latter was reported by Pike (1992), although his 
specimen has not been examined. 

Most of the Hemiptera are plant-feeders, sucking 
sap from various plants, including grasses. Some may 
be quite specific, while others such as the bug 
Creontiades dilutus (Miridae) are polyphagous. 
Polyphagous species are more likely to become 
established on Ashmore. The leafhopper fauna is 
particularly diverse with at least five species including 
the widespread and very variable OrosiUS argentata 
(Evans). Mirids, leafhoppers and planthoppers 
(Delphacidae) were common in May 1995, but 
Hemiptera were scarce in June 2002, and only one (an 
unidentified nabid) of the four species was abundant. 

Millipedes are associated with decaying plant 
material, and are probably not dependant on any single 
plant species. 


Fresh water. No insects were found directly 
associated with fresh water. In May 1995, there were 
some wells that may have provided breeding sites for 
aquatic insects, and the presence of some damselflies 
and dragonflies may have supported this. However, 
these sites have now been covered and water is 
unavailable except from a hand pump. The five species 
of damselfly and dragonfly that were collected in May 
1995 are widespread Indo-Pacific species. Most of the 
dragonflies (Aeshnidae and Libellulidae) are strong 
fliers and probably migratory, although they would be 
capable of reproducing if permanent water was 
available for sufficient time. The damselfly 
(Coenagrionidae) is small and a weak flier and may 
have been established on the island in May 1995 but 
none were found in June 2002. 

There are a number of other species of damselfly 
and dragonfly (for example Orthetrum) which have 
similar distribution patterns and could occur on 
Ashmore at times, but were not evident (as adults). 

No mosquitoes were evident, although there is a 
risk that they may become established, at least 
temporarily, if brought to the island by Indonesian 
fishermen as breeding populations in bilge or drinking 
water. Mosquito larvae and other organisms are 
occasionally intercepted in quarantine in Darwin from 
water containers on foreign fishing vessels. 

Under rocks and logs. Very little was found in this 
habitat during the two visits. Both the adult and larval 
stages of carabid beetles are predatory on other 
invertebrates, and may also occur in the soil. Adults 
are often attracted to lights, although none has been 
recorded as doing so on Ashmore Reef. A single 
specimen each of millipede and centipede were found 
during June 2002, although both had been previously 
recorded by Pike (1992). 

A number of spiders were found on the ground and 
under rocks during both visits. These are also predatory, 
and include such groups as lycosids and gnaphosids. 

Subterranean. The larvae of several species are 
subterranean and feed on plant roots. These include 
the click beetles and their wireworm larvae (Elateridae), 
Gonocephalum sp. (Tenebrionidae), scarabs 
(Scarabaeidae), and an unknown beetle (which has 
spiny scarab-like legs adapted for digging). 
Gonocephalum sp. had a patchy distribution and was 
present under one or two rocks in the centre of West 
Island. On both visits adults were present in large 
numbers, but were not found under nearby rocks. The 
larvae of all these families of beetles are mostly feeders 
on roots and other plant matter in the soil. During June 
2002 a single species was also found under a coconut 
tree (Fig. 4) on Middle Island. 

Ginger ants, Solenopsis geminata (Formicidae), 
were found nesting (Fig. 5) in the ground, as well as on 
drier dead turtles, and flotsam and jetsam where this 
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reached the vegetation. In June 2002, this ant was 
widespread on all three islands including beaches, 
apparently surviving on dead birds. It may be more 
abundant in the wet season and could be having an effect 
on nesting birds and turtles. No other species of ant was 
found in this habitat, although there is a strong 
possibility that the crazy ant, Anoplolepis gracilipes, 
could be introduced from Timor. 

Dead animals. Large flesh flies, possibly 
Parasarcophaga sp. (Sarcophagidae) were commonly 
attracted to dead animals and meat. They are likely to 
be one of the lirst insects attracted to carrion and were 
associated with dead turtles and dead molluscs on West 
Island. These Hies also came readily to meat and dead 
fish on Aurelia IV. They were common and widespread 
in May 1995, but rare in June 2002. 

Other carrion feeders include milichiids 
(Milichiidae), and possibly phorids. Large patterned 
Hies were observed and tentatively identified in the field 
as phorids, but none was caught, and it is also possible 
that they were a milichiid species. The carrion feeding 
ants (Formicidae) Paratrechina longipes and Solenopsis 



Fig. 4. Habitat of scarab beetle on Middle Island, one-quarter life 
size. 


geminata were observed but not collected in this habitat. 
Beetles were represented by Dermestes ater and 
Dennestes lardarius (Dermestidae), and Necrobia 
rufipes (Cleridae). These beetles are attracted to dead, 
dry carcasses. 

Live animals (birds) and nests. The pantropical 
Olfersia spinifera (Leach) (Hippoboscidae) was 
common on frigatebird chicks, and also common 
around bushes on which lesser and greater Irigatebirds 
were nesting in May 1995, but not observed in June 
2002. These flies also commonly landed on humans in 
the vicinity, but did not bite. 

Musca vetustissima (Muscidae) is rare on West 
Island but common on East and Middle islands (Fig. 
6). The preferred larval habitat is fresh mammal dung, 
but it has also been recorded from emu dung and carrion 
on the Australian mainland (Pont 1973). The absence 
of terrestrial mammals and the relative abundance of 
this species on East and Middle Islands during both 
visits, where bird colonies are large, suggests that this 
species is breeding in bird dung, and may also feed on 
dead birds and turtles. 

Most aphodinine scarabs (Scarabaeidae) are dung 
feeders, but some are associated with the nests of 
animals. In the absence of mammals, the scarab 
tentatively identified as Trichiorhyssemus hirsutus may 
be associated with nesting birds or their droppings. This 
species is recorded also from Cocos-Keeiing Islands. 

The tineid moth. Monopsis sp. (Tineidae) may also 
be associated with nesting birds. In Australia, larvae 
have been recorded feeding on feathers, animal fibres 
and bird droppings (Common 1990). 

No search was made for bird ectoparasites other 
than the large and conspicuous Olfersia spinifera. or 
for insects associated with bird nests. However, lice 
(Philpteridae) and oribatid mites (Oribatida) were 
recorded by Postle in February 2000, and several 
beetles are associated with birds or bird nests (although 
not necessarily restricted to these habitats). These 



ig. 5. Ginger ant nests on Ashmore Reef, two-thirds life size. 



Hg. 6. Muscid fly (arrowed) on tern egg. two-thirds life size. 
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included anthicids (Anthicidae), dermestids 
(Dermestidae) and the black fungus beetl e, Alphitobius 
laevigatus (Tenebrionidae). 

Predators and parasites. The main predatory groups 
recorded from the islands are: dragonflies and damselflies 
(Odonata) (including nymphs if they were to establish); 
mantids (Mantodea) (if they were to establish); 
Neuroptera; Arachnida; and Chilopoda. Some beetles 
(Coleoptera) such as carabids (Carabidae) and 
coccinellids (Coccinellidae) are also predatory, as is the 
pentatomid, Oechaliaschelletibergii (Pentatomidae). The 
latter, however, is an atypical species of this 
predominantly phytophagous family of true bugs and is 
predatory on a wide variety of insects and spiders. 

All arachnids and centipedes are predatory. Some of 
the spiders such as the araneids produce typical webs 
while others such as theridiids produce only a few 
strands; and others such as lycosids (Arachnida: 
Lycosidae) are free-ranging ground dwelling species. 
The pseudoscorpions were observed at the top of the 
sandy beach on West Island and may have been 
associated with the Solenopsis ants. 

All of the Hymenoptera recorded from Ashmore 
Reef are parasites of insects and spiders, with the 
exception of the ants, which are scavengers. Anoplius 
opulentus (Pompilidae) are parasitic on spiders, Scelio 
spp. (Scelionidae) on acridid grasshopper eggs 
(Orthoptera: Acrididae), Spliex sp. (Sphecidae) on 
grasshoppers, evaniids (Evaniidae) on cockroach eggs 
(Blattodea), and Cotesia sp. (Braconidae) on 
Lepidoptera larvae. Other groups are parasitic on a 
variety of insect groups: bethy 1 ids (Bethylidae) on 
Coleoptera or Lepidoptera; encyrtids (Encyrtidae) on 
Lepidoptera or Hemiptera; eupelmids (Eupclmidae) 
possibly on Lepidoptera eggs; braconids (Braconidae) 
and ichneumonids (Ichneumonidae) on a variety of 
insects; and eulophids (Eulophidae) on a variety of 
insect eggs. Most of these were collected or observed 
in small numbers, although the pompilids were common 
in May 1995 and the ichneumonids in June 2002. 

Tachinid flies (Tachinidae) as a group are also 
parasitic on a wide variety of insects. Three unidentified 
species were collected and are most likely to be 
parasites of beetle or moth larvae. Identification of the 
group is difficult. 

Introduced species. Several cosmopolitan species of 
beetle have almost certainly been introduced to Ashmore 
through the presence of humans. These include 
Araecerus coffeae (Anthribidae), Alphitobius 
laevigatus (Tenebrionidae), Necrobia rufipes (Cleridae) 
and Dermestes ater and D. lardarius (Dermestidae). All 
are common stored product pests; the former two 
species preferring plant materials such as dry seeds 
while the latter three prefer animal tissue such as dried 
meat and were found on or near decomposing and 
dehydrated vertebrate fauna. 


The two species of ants, Solenopsis geminata and 
Paratrechina longipes (Formicidae), are introduced 
“tramp” species that occur in many of the warmer parts 
of the world. They feed on a variety of animal products. 

The former is a very aggressive species, capable of 
infesting nests and attacking both young and adult birds. 

The widespread Australian species Creontiades 
dilutus (Miridae) is tentatively identified from the 
islands, and is possibly introduced. 

The presence of the moth Amata sp. (Arctiidae) on 
the patrol boats and customs vessels travelling to 
Ashmore Reef, and the presence of the stored-product 
moths Ephestia sp. and Plodia interpunctella 
(Pyralidae) and the cricket Teleogryllus oceanicus 
(Gryllidae) on the Aurelia IV indicates how easy it is 
to introduce new species to the islands. The latter is 
thought to be associated with fresh vegetables brought 
on board the boat during re-supplying. This cricket 
was also found on the ACV Holdfast Bay and on West 
Island in June 2002, and is believed to have become 
established only recently from the Australian 
mainland. 

Also of concern from an entomological point of view 
is the occurrence of the Asian house gecko, 
Hemidactylus frenatus (Gekkonidae) which was 
collected in a Malaise trap in May 1995, but was neither 
seen nor heard at that time. It is now common and 
widespread on West Island, and is likely to be having a 
significant affect on the insect fauna. It was not found 
on East or Middle Islands despite searches. 

On Cartier Island insects and mites were generally 
rare and difficult to find (Appendix 2). Only two species 
of insect were observed: a redlegged ham beetle, 
Necrobia rufipes (Cleridae) on the carapace of a dead 
turtle, and a small midge (Chironomidae) running ant¬ 
like on the sand. Several mites were also observed under 
a dead and dehydrated tern. 

DISCUSSION 

The recorded insect fauna contains at least 158 
species of insect, of which at least 33 are thought to be 
established. In addition, there are a further 17 species 
of terrestrial arthropod (10 spiders and a single species 
each of millipede, centipede, slater, pseudoscorpion, 
mite, tick and springtail) recorded, of which at least 
three are established. These numbers are summarised 
in Table 1. 

The most diverse orders are Lepidoptera (50 
species), Diptera (30), Hemiptera (21), Hymenoptera 
(17), Coleoptera (14) and Orthoptera (8). Of the less 
diverse groups, at least one (and probably as many as 
three) species of cockroach (Blattodea) of the five 
recorded, most of the Orthoptera (two grasshoppers and 
two crickets), one of the two of neuropterans, the 
embiopteran and probably the silverfish (Thysanura) are 
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established. It is uncertain if any of the remaining orders 
(Odonata, Mantodea, Psocoptera, and Phthiraptera) are 
established, or if they are seasonal migrants. 

Interestingly, there appears to be an inverse 
relationship between the number of species recorded 
for each order and the proportion of these that are 
considered to be established. For example the most 
diverse is the Lepidoptera with 50 species recorded, 
but only 10% are considered to be established. 
Orthoptera, on the other hand, has eight recorded 
species, but 75% are thought to be established. This 
may indicate that highly mobile species such as those 
that are strong fliers or easily blown on the wind, readily 
reach the islands. However, many of these may only be 
present fora short time due to a lack of suitable habitat. 

The status of the majority of species recorded is 
unknown. It should be noted that these previous 
collections, together with the present trip, have been 
short, sporadic and often not undertaken at the best 
times of the year to give either a true list of the resident 
fauna or a true picture of the ecological dynamics of 
the fauna from season to season, or year to year. 

There is little comparative literature available on 
insect faunas of oceanic islands, and most mentions 
insects only in general terms (eg, Heatwole 1971). One 
of the most extensive reports is that which deals with 
species turnover on a small cay, Cayo Ahogoado, I km 
off the mainland coast of Puerto Rico (Heatwole and 
Levins 1973).This study recorded a total of 71 terrestrial 
invertebrates (64 insects plus two species of springtail, 
two millipedes, a pseudoscorpion, an earthworm and a 
slater) during 12 visits between 1964 and 1966. 
However, the extent of vegetation varied considerably 
during this period, and although the plant diversity was 
higher than Ashmore Reef, with 5 1 species of vascular 
plants, insect diversity was low, and ranged from 
3-19 species. Although this paper was primarily 
involved with the immigration and extinction of species 
on the cay, it is unclear how many, if any, were 
permanently established. Heatwole and Levins (1973) 
also briefly discussed the methods in which insects 
could be introduced to the cay. 

Species introduction mechanisms were discussed by 
Heatwole (1971) for terrestrial invertebrates on 70 
islands of the Great Barrier Reef and the south-west 
Coral Sea, and in more detail by Heatwole (1976). Both 
papers discuss the fauna from a ecological rather than 
biodiversity aspect, and in particular, those habitats and 
niches filled by birds, reptiles and invertebrates. They 
also discuss the relationship between immigration and 
extinction rates, and island size and its distance from a 
mainland, based on the equilibrium theory of insular 
zoogeography of MacArthur and Wilson (1963). 
MacArthur and Wilson proposed that the further an 
island was from the mainland, the fewer species that 
would be present, and the larger the island, the more 


species that would be present. The small size of islands 
of Ashmore Reef, its distance and relatively small 
number of plant species present (Pike and Leach 1997) 
suggests that the insect fauna will be small but very 
dynamic. 

Further surveys will give a better indication of the 
species dynamics on the islands. It will also enable 
significant pest species to be recognised and managed 
before they become a problem. 
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APPENDIX I. Annotated list of insects and related terrestrial arthropods found on Ashmore Reef. All records are for adults. 
Unless otherwise indicated, tentative or unconfirmed identifications are marked “?”. 

ORDER THYSANURA (silverfish) 

LEPISMAT1DAE 
unknown sp. A 

Middle Island - February 2000 (Postle), on octopus bushes and under old bird nest; June 2002, common in and under 
hollow immature coconut beneath coconut trees. 

This may be a cosmopolitan pest associated with humans. 

Status - probably established. 

ORDER ODONATA (dragonflies and damselflies) 

AESHNIDAE 

Anax guttatus (Burmeister) 

West Island-April 1992. 

East Island - March-April 1992. 

Widespread from India to the Pacific, and northern Australia (Watson et al. 1991). 

Status - migrant. 

COEN AGR ION 1 DAE 
Ischnura aurora (Brauer) 

West Island - May 1995. 

Widespread from India to the central Pacific, and throughout Australia (Watson et al. 1991). 

Status - migrant. 

L1BELLULIDAE 
Diplacodes bipunctata (Brauer) 

West Island - May 1995. 

Widespread from Indonesia to the western Pacific, and throughout Australia except Tasmania (Watson et al. 1991). 

Status - unknown. 

Diplacodes trivial is (Rambur) 

West Island - unconfirmed observations May 1995. 

Widespread from the Seychelles and India to the western Pacific, and throughout tropical Australia and south-eastern 
Queensland (Watson et al. 1991). 

Status - unconfirmed record. 

Pantala Jlavescens (Fabricius) 

West —April 1992, May 1995. 

Widespread throughout the tropics and warmer temperate regions of the world, and throughout Australia except Victoria, 
Tasmania and south-eastern South Australia (Watson et al. 1991). 

Status - migrant. 

Trapezostigma loewi (K.aup) 

West Island - May 1995. 

Widespread from Cocos Islands, Indonesia, New Guinea and the western Pacific, and northern and eastern Australia 
(Watson et al. 1991). 

Status - migrant. 

ORDER BLATTODEA (cockroaches) 

BLABERIDAE 

Pycnoscelus surinaminensis (Linnaeus) 

West Island - early 2001 (McDonald). 

Status - not established. 

BLATTELLIDAE 
unknown sp. A 

West Island - March 1992, May 1995 ex Malaise trap. 

Status - unknown, 
unknown sp. B 

West Island - March-April 1992; May 1995 ex Malaise trap, ex octopus bush, and sweeping grass between octopus bush; 
June 2002 on octopus bush. 

Status - established 
unknown sp. C 

West Island - May 1995 ex sweeping grass between octopus bush. 

Status - unknown 
unidentified 

West Island — October 1998 (Gregg) by sweeping and in Malaise trap, nymphs of at least 2 species; February 2000 
(Postle), on octopus bushes and beach grass; early 2001 (McDonald). 

Status - unknown. 
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BLATTIDAE 

Periplaneta americana (Linnaeus) 

West Island - August 2000, in large numbers reported by Horner. 

Status - no longer established. 

ORDER MANTODEA (mantids) 

MANTIDAE 
unknown sp. A 

West Island - March-April 1922, ootheca only. 

Status — unconfirmed record. 

ORDER ORTHOPTERA (crickets, katydids and grasshoppers) 

ACRIDIDAE 
lAiolopus sp. 

West Island - April 1992, May 1995, June 2002, adults and nymphs on grass between octopus bush and resting on 
octopus bush; October 1998 (Gregg) nymphs. 

Middle Island - June 2002, adults and nymphs on grass. 

East Island - June 2002, adults and nymphs on grass. 

One species, A. thalassinus Fabricius, occurs in Australia and is widespread in Europe and Asia (Key 1986). 

Status - established on all three islands. 

Goniaea sp. 

West Island — March-April 1992, adults and nymph. 

The genus is widespread in Australia but none of the species listed by Key (1986) are listed as occurring outside 
Australia. 

Status - no longer present. 

Pycnostictus seriatus Saussure 

West Island - April 1992, March 1992, May 1995, June 2002, adults and nymphs on grass between octopus bush; 

October 1998 (Gregg) nymphs. 

Middle Island - March 1992, June 2002, adults and nymphs. 

East Island - March 1992, adults and nymphs. 

Occurs in Timor, and northern and inland Australia (Key 1986). 

Status - established on all three island, 
unidentified (probably lAiolopus sp. and/or Pycnostictus seriatus) 

West Island February 2000 (Postle) recorded four species, although may have been extremes of these two species; early 
2001 (McDonald), nymph, not identifiable. 

Status - unknown. 

GRYLL1DAE 

Oecanthus rufescerts Serville 

West Island-April 1992. 

Widespread in northern Australia and eastern Queensland. Also recorded from India, but Otte and Alexander (1983) 
question the conspecificity of Indian and Australian specimens. 

Status - no longer present. 

Teleogryllus Oceanians (Le Guillou) 

West Island - June 2002, large nymph on grass. 

Aurelia IV, West Island lagoon - May 1995 in doors on boat. 

Holdfast Bay - June 2002, dead specimen on deck prior to arriving at Ashmore, live specimens on deck on arriving at 
outer mooring at Ashmore. 

Widespread throughout the Pacific island and in the northern half of Australia, but not inland Australia (Otte and 
Alexander 1983). The island distribution may suggest that it is easily spread by human activity. This is supported by its 
presence on boats such as Aurelia IV and Holdfast Bay which visited Ashmore. 

Status - established (confirmed by D. Pike, pers. comm.). 

Trigonidopmorpha/Metioche sp. 

West Island - May 1995. June 2002, nymphs and adults on octopus bushes and in Malaise trap. 

Trigonidopmorpha sjostedti Chopard is widespread in throughout the south-western Pacific, and occurs in the 
periphery of western, northern and eastern Australia. Metioche contains three species occurring in northern and north¬ 
western Australia, and both genera contain additional species that occur in Asia as well as elsewhere (Otte and 
Alexander 1983). 

Status - established. 

TETTIGON1IDAE 
Conocephalus sp. 

West Island - March-April 1992, May 1995, June 2002, adults and nymphs on grass between octopus bush, and in 
Malaise trap; October 1998 (Gregg) nymphs. 

The taxonomy of the Tettigoniidae is largely unresolved (Rentz 1996). 
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Status - established. 

Polichne sp. 

West Island - April 1992, May 1995 sweeping grass between octopus bushes, and at light; June 2002 small nymphs on 
octopus bushes (presumed to be this species but too small to identify). 

The taxonomy of the Tettigoniidae is largely unresolved (Rentz 1996). 

Status - probably established if nymphs are this species. 

ACR1DIDAE 

Unidentified nymphs of 2 spp. 

Status - unkown. 

ORDER EMBIOPTERA (webspinncrs) 

OLIGOTOMIDAE 
lAposthonia sp. 

West Island - May 1995, adults at light, in Malaise trap. 

Middle Island - March-April 1992, June 2002 under hollow immature coconut beneath coconut trees; February 2000 
(Postle) under bird nest. 

East Island - April 1992. 

Numerous species ranging from Asia to the Pacific. Aposthonia gurneyi (Froggatt) is the only Australian species found 
in north-western Australia (Ross 1999). 

Status - established on all three islands. 

PSOCOPTERA (psocitls, booklicc) 

ECTOPSOC1DAE 

unidentified 

Middle Island - February 2000 (Postle) under bird nest. 

Status — unknown. 

PHTHIRAPTERA (lice) 

PHILOPTERIDAE 

unidentified 

Middle Island - February 2000 (Postle) two or three species, under bird nest, on frigate bird, or on sooty tern. 

Status - unknown. 

ORDER HEMIPTERA (leafhoppers, planthoppers, scale insects, mealybugs, true bugs etc.) 

CICADELLIDAE 
Orosius argentatus (Evans) 

West Island - March-April 1992, May 1995 and on boat Aurelia IV; June 2002 in Malaise trap. 

Status - probably established. 

AGALLIINAE 
unknown sp. A 

Middle Island - March-April 1992. 

West Island - March-April 1992, May 1995. 

Status - unknown. 

DELTOCEPHALINAE 
unknown sp. B 

Middle Island - March-April 1992. 

West Island - March-April 1992, May 1995. 

Status - unknown. 

CICADELLIDAE 
unknown sp. C 

West Island - May 1995, Malaise trap. 

Status - unknown, 
unidentified 

West Island - February 2000 (Postle), two species on octopus bushes, a third on beach grass. 

Status - unknown. 

COCCOIDEA 

West Island - February 2000 (Postle), on octopus bushes, no other data. 

Status - unknown. 

COREIDAE 

West Island - February 2000 (Postle), on octopus bushes. 

Status - unknown. 

DELPHACIDAE 
unknown sp. A 

West Island - May 1995 and in Malaise trap and especially at light on Aurelia IV; June 2002 in Malaise trap. 

Status - unknown. 

DICTYOPHARIDAE 

West Island - February 2000 (Postle), on octopus bushes. 
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Status - unknown. 

FULGOROIDEA (possibly Delphacidae or Dictyopharidae) 
unidentified 

Middle Island - February 2000 (Postle), on beach grass, no other data. 

Status - unknown. 

GERRIDAE 

Andersen and Weir (1994) record the following two marine species from the boat anchorage (off West Island): 

Halobates germanus White; 

HalobateS princeps White (=//. ashmorensis Malipatil). 

Halobates sp. 

West Island - October 1998 (Gregg) nymphs swimming around Aurelia IV. 

LYGAEIDAE 
Nysius sp. 

West Island-April 1992, May 1995. 

Status - unknown. 

Oxycarenus sp. 

West Island - May 1995 and on dead turtle. 

Status - unknown. 

Pseudopachybrachius sp. 

West Island - May 1995 and (mostly) at light. 

Status - unknown. 

Geocoris sp. 

West Island - May 1995; June 2002 on grass. 

Status - unknown, 
unidentified 

Middle Island - February 2000 (Postle), under old bird nest. 

Status - unknown. 

M1RIDAE 

?Creontiades dilutus (Stal) 

Middle Island - March-April 1992. 

Status - not established, 
nr Campylomma sp. 

West Island-April 1992, May 1995. 

Status - unknown. 

NAB1DAE 
unknown sp. A 

West Island - May 1995 sweeping grass between octopus bush, at light and Malaise trap; June 2002 common on grass 
between octopus bushes and in Malaise trap. 

Status - probably established. 

PENTATOMIDAE 

Oechalia schellenbergii (Guerin) 

West Island - March-April 1992. 

Status unknown, 
nr Plautia sp. 

West Island - May 1995 adults and nymphs feeding on octopus bushes; early 2001 (McDonald). 

Status - unknown. 

PLATASPIDAE 

West Island - February 2000 (Postle), on octopus bushes. 

Status - unknown. 

PSEUDOCOCCI DAE 
unidentified 

West Island - early 2001 (McDonald). 

Middle Island - February 2000 (Postle), on under old bird nest. 

Status - unknown. 

ORDER THYSANOPTERA (thrips) 

THRIPIDAE 

Frankliniella schultzei (Trybom) 

Middle Island - June 2002 on Tribulus flowers. 

Status - unknown. 
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ORDER NEUROPTERA (lacewings) 

CHRYSOP1DAE 

Plesiachrysa ramburi (Schneider) 

West Island — March-April 1992; May 1995, relatively common on and near octopus bushes, and in Malaise trap; June 
2002 on and near octopus bushes and in Malaise trap; October 1998 (Gregg) at light; February 2000 (Postle) on octopus 
bushes (presumed to be this species). 

Widespread throughout Australia except Tasmania, but including Cocos (Keeling) and Lord Howe Islands (New 1980). 
Status - established. 

CONIOPTERYGIDAE 
unknown sp. A 

West Island - June 2002, in Malaise trap. 

Status — unknown. 

ORDER COLEOPTERA (beetles, weevils) 

ANTHICIDAE 

unknown sp. A {lAnthicus sp.) 

West Island - May 1995 in Malaise trap. 

Middle Island - February 2000 (Postle), under old bird nest (presumed to be this species). 

East Island - June 2002, on sand in bird rookery. 

Status - probably established and possibly associated with nesting birds. 

ANTHR1BIDAE 
lAraecerus coffeae (Fabricius) 

West Island - May 1995 in Malaise trap and on rotten banana. 

Status - unknown. 

CARABIDAE 
nr Hypharpax sp. 

West Island — March 1992. 

Status - unknown. 

CHRYSOMELIDAE 

unidentified 

West Island - February 2000 (Postle) on octopus bushes. 

Status - unknown. 

CLERIDAE 

Necrobia rufipes (De Geer) 

West Island - March-April 1992; May 1995 on dead turtle. 

Status — unknown. 

COCCINELLIDAE 
Coccinella transversalis Fabricius 

West Island - April 1992 on grass between octopus bush; May 1995 sweeping grass between octopus bush, at light and in 
Malaise trap; early 2001 (McDonald); June 2002, on grass between octopus bushes. 

Middle Island - March-April 1992. 

East Island - April 1992 adults and larva on grass between octopus bush. 

Status - probably unknown. 

? Menochilus sexmacululus (Fabricius) 

Middle Island - previously recorded (Pike 1992), but specimens not seen. 

Status - established. 

DERMESTIDAE 
Dermestes ater De Geer 

West Island - June 2002, on dead turtle. 

Middle Island March-April 1992; May 1995 on dead reef heron. 

Status - established. 

Dermestes lardarius Linnaeus 

Middle Island - June 2002, larva on sand in bird rookery. 

Status - unknown, possibly established in bird rookeries, 
unidentified 

Middle Island - February 2000 (Postle), two species on driftwood. 

Status - unknown, 

ELATERIDAE 
?Conoderus sp. A 

West Island - March 1992; May 1995, by sweeping between octopus bushes; June 2002, in Malaise trap. 

Middle Island - March-April 1992; February 2000 (Postle), under driftwood (presumed to be this species). 

Status - established. 
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SCARABAEIDAE 
? Trichiorhyssemus hirsutus Clouet 
West Island - March 1992. 

Middle Island - March-April 1992. 

Status - probably not established. 

TENEBRION1DAE 
Alphitobius laevigalus (Fabricius) 

West Island - March 1992. 

Status - unknown. 

Gonocephalum sp. 

West Island - March-April 1992; May 1995; June 2002, in large numbers under one (only) rock; October 1998 (Gregg) 
under dead palm Irons. 

Middle Island - June 2002 under coconut beneath coconut trees. 

Status - established. 

UNKNOWN COLEOPTERA 

West Island - March 1992. 

Middle Island - March-April 1992. 

Status - unknown. 

ORDER DIPTERA (flies, midges, mosquitoes) 

AGROMYZ1DAE 
unknown sp. A 

West Island - May 1995 ex Malaise trap. 

Status - unknown. 

CALL1PHORIDAE 

unidentified 

West Island - February 2000 (Postle). 

Status - unknown. 

CAN ACT DAE 
Trichocanace atm Wirth 

West Island - May 1995 on brown algae at high tide mark. 

Middle Island - March-April 1992. 

East Island - May 1995 at high tide mark. 

Status - unknown. 

CHIRONOMIDAE 

unidentified 

West Island - October 1998 (Gregg) at light on beach. 

Middle Island - February 2000 (Postle) on driftwood. 

This species is the same as the one recorded from Cartier Island. 

Status - unknown. 

CHLOROP1DAE 

Siphunculina strioluta (Wiedemann) 

West Island - March 1992; October 1998 (Gregg) at light on beach; February 2000 (Postle) on octopus bushes (presumed 
to be this species). 

Middle Island - March-April 1992; June 2002, common on ground, and on the flowers of Tribulus cistoides; February 
2000 (Postle) on beach grass and freshly regurgitated fish (presumed to be this species). 

East Island - June 2002, common on ground, and on the flowers of octopus bush. 

Status - established. 

COELOPIDAE 

unidentified 

West Island - February 2000 (Postle) on octopus bush. 

Middle Island - February 2000 (Postle) on driftwood. 

Status - established. 

DOLICHOPOD1DAE 

unidentified 

Middle Island - February 2000 (Postle) on driftwood. 

Status - unknown. 

DROSOPHILIDAE 
? Drosophila sp. A 

West Island - March 1992. 

Status - unknown. 

1 Drosophila sp. B 

East Island - April 1992. 

Status - unknown. 


121 


G R. Brown 


EPHYDRIDAE 
Hecamecie species complex 

West Island - May 1995. 

Middle Island - February 2000 (Postle) on driftwood and beach grass. 

East Island - June 2002, near fringing vegetation. 

Status - probably established. 

HIPPOBOSCIDAE 
Olfersia spinifera (Leach) 

Middle island - May 1995, ex frigatebird colony; February 2000 (Postle) on frigatebird (presumed to be this species). 
East Island - March-April 1992. 

Ashmore Reef (no island indicated) - May 1987 ex frigatebird ( Fregata minor ) colony. 

Status - unknown, probably established. 

LAUXANUDAE 

unidentified 

Middle Island - February 2000 (Postle) on beach grass. 

Status - unknown. 

M1LICHIIDAE 
unknown sp. A 

West Island - March-April 1992; May 1995 ex dead turtle on beach; February 2000 (Postle) on octopus bushes 
(presumed to be this species). 

Middle Island - February 2000 (Postle) on beach grass. 

Status - unknown. 

MUSCIDAE 
Lispe sp. A 

West Island - May 1995. 

Status - unknown. 

Musca ?vetustissima Walker 

West Island - March 1992. 

Middle island - June 2002, on ground and damaged eggs. 

East Island - March-April 1992; June 2002, on ground and damaged eggs. 

Status - established. 

PHORIDAE 
unknown sp. A 

West Island - May 1995, observed on dead turtles, but not collected (possibly misidentified milichiid). 

Status - unknown. 

PIPUNCULIDAE 

unidentified 

Middle Island - February 2000 (Postle) on beach grass. 

Status - unknown. 

PLATYSTOMATIDAE 

unidentified 

West Island - February 2000 (Postle) on octopus bushes. 

Status - unknown. 

SARCOPHAGIDAE 

IHeteronychia australis Johnston and Tiegs 

West Island - May 1995 in Malaise trap and on brown algae at high tide mark. 

Status - unknown. 

IParasarcophaga sp. 

West Island - March-April 1992; May 1995, by sweeping between octopus bush and attracted to thawing meat on Aurelia 
IV anchored in the lagoon. 

Status - unknown, 
unknown sp. A 

Middle Island - May 1995. 

Status - unknown, 
unknown sp. B 

West Island - June 2002, on vegetation. 

Status - unknown, 
unidentified 

West Island - February 2000 (Postle). 

Status - unknown. 

STRATIOMYIDAE 
unknown sp. A 

West Island - March 1992; June 2002, in Malaise trap. 

Status - unknown. 
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TACHINIDAE 
unknown sp. A 

West Island - February 1992. 

Status - unknown, 
unknown sp. B 

West Island - February 1992. 

Status - unknown, 
unknown sp. C 

West Island - May 1995 ex Malaise trap. 

Status - unknown, 
unknown sp. D 

West Island - June 2002, on sticks, grasses, shrubs. 

Status - unknown, 
unknown sp. E 

East Island - June 2002, on fringing grass. 

Status - unknown, 
unidentified 

West Island - February 2000 (Postle). 

Status - unknown. 

ULID1IDAE (OTIT1DAE) 

Acrosticta sp. A 

West Island - May 1995; June 2002, in Malaise trap; February 2000 (Postle) on beach grass (presumed to be this 
species). 

Status - established. 

UNKNOWN ACALYPTRATA 
East Island-April 1992. 

Status - unknown. 

ORDER LEPIDOPTERA (moths and butterflies) 

ARCTIIDAE 
Amata sp. 

HMAS Wollongong - May 1995, at light 12°15’S, 126°33’E. 

ACV Holdfast Bay - June 2002 on deck at night under light on day of arrival 12°13.22’S, 123°00.35’E. 

Status - not present. 

Argiiia astrea (Drury) 

West Island - May 1995. 

Status - unknown. 

Utethesia spp. 

West Island - March 1992, May 1995, June 2002, common around octopus bushes and in Malaise trap; June 2002, many 
leaves with minor leaf damage but only one larvae found; early 2001 (McDonald), moths and larvae common; February 
2000 (Postle). 

Middle Island - March 1992. 

East Island - June 2002, one moth on octopus bush but no larvae or leaf damage. 

Status — established. 

ETHMIIDAE 
Ethmia sp. 

West Island - May 1995 at light. 

Status - unknown. 

GELECHIOIDEA 
unknown sp. A 

Middle Island - March-April 1992. 

Status - unknown, 
unknown sp. B 

Middle Island - March-April 1992. 

Status - unknown, 
unknown sp. C 

Middle Island - March-April 1992. 

Status - unknown, 
unknown sp. D 

West Island - March-April 1992. 

Status - unknown, 
unidentifiable 

West Island - early 2001 (McDonald). 

Status - unknown. 
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GEOMETR1DAE 

Anisodes cf. obrinaria (Guenee) 

East Island - March-April 1992. 

West Island - March 1992; May 1995 on Aurelia IV, at light and on octopus bush; October 1998 (Gregg) in Malaise trap 
June 2002 common on Ipomoea violacea and in Malaise trap. 

Status - established. 

LYCAENIDAE 

Catochiysops panormus platissa (Herrich-Schaffer) 

West Island - May 1995, sweeping between octopus bush at western end of West Island only. 

Status - unknown. 

Zizeeria karsandra (Moore) 

East Island - March-April 1992. 

Status - unknown. 

NOCTUIDAE 
Achaea janala (Linnaeus) 

East Island - April 1992. 

West Island - March 1992; May 1995 at light on Aurelia IV. 

Status - unknown. 

Agrotis ipsilun aneituma (Walker) 

West Island - March 1992. 

Status - unknown. 

?Atheti.s sp. (=Radingoes) 

East Island — March-April 1992. 

Status - unknown. 

Paris smaragdina Butler 

East Island - March-April 1992. 

West Island - March-April 1992; May 1995 sweeping grass between octopus bush and in Malaise trap; June 2002, on 
octopus bush. 

Status - probably established. 

Helicoverpa sp. A 

East, Middle and West Islands - Brown (1999) lists this as previously recorded, but specimens not seen. 

Status - unknown. 

Mythimna sp. 

West Island - May 1995 at light (specimen in good condition and may have bred on one of the three islands). 

Status - unknown. 

Othreis materna (Linnaeus) 

West Island - Brown (1999) lists this as previously recorded, but specimens not seen. 

Status - unknown. 

Proteuxoa sp. 

West Island - May 1995 and May 1995 on Aurelia IV. 

Status - unknown. 

Spodoptera lilura (Fabricius) 

West Island - March 1992. April 1992, April 1995, March 1995 at light (perfect condition). 

Middle Island - March 1992. 

East Island - March-April 1992. 

Status - unknown. 

Spodoptera mauritia (Boisduval) 

West Island - May 1995 at light on Aurelia IV in good condition, female. 

Status - unknown, 
unknown noctural sp. A 

Middle Island - March 1992. 

Status - unknown. 

Arcontiine sp. C 

East Island - March-April 1992. 

Status - unknown. 

Arcontiine sp. D 

East Island - March-April 1992. 

Status - unknown. 

Arcontiine sp. G 

West Island - March 1992. 

Status - unknown. 
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NYMPHALIDAE 

Acraea andromacha andromacha (Fabricius) 

West Island - May 1995, newly emerged, one or two specimens only. 

Status - unknown. 

Danaus chrysippus petilia (Stoll) 

West Island - May 1995, rare; October 1998 (Gregg) males and females in reasonable condition; February 2000 (Postle). 
Status - unknown. 

Hypolinmas bolina nerina (Fabricius) 

West Island - May 1995, very battered specimens; February 2000 (Postle). 

Status - migrant. 

?OECOPHORIDAE 
unknown sp. A 

West Island - April 1992. 

Status - unknown. 

PIERIDAE 

Eurema hecabe phoebus Butler 
West Island - May 1995. 

Status - unknown. 

PTEROPHORIDAE 

unknown 

West Island - March 1992; April 1992; May 1995, common on herbs; June 2002, common on tar vine, Boerhavia sp. and 
in Malaise trap. 

Status - established. 

PYRAL1DAE 

Diapbania indica (Saunders) 

West Island - May 1995 on Aurelia IV and on octopus bush. 

Status - unknown. 

Ephestia sp. 

West Island - May 1995 on Aurelia IV; May 1995 at light. 

Status - unknown, probably restricted to stored product food stuffs. 

Maruca testulalis (Geyer) 

West Island - May 1995, and on Aurelia IV. 

Status - unknown. 

Plodia interpunctella (Hubner) 

West Island - May 1995 on Aurelia IV in pantry. 

Status - unknown, probably restricted to stored product food stuffs. 

Spoladea recurvalis (Fabricius) 

West Island - March 1992; May 1995 sweeping between octopus bush, in Malaise trap and on Aurelia IV; February 2000 
(Postle). 

Middle Island - May 1995. 

East Island - March-April 1992. 

Status - established. 

Pyralid unknown sp. A 

West Island - May 1995 and on Aurelia IV. 

Status - unknown. 

Pyralid unknown sp. B 

West Island-May 1995 at light. 

Status - unknown. 

Pyralid unknown sp. C 

Middle Island - May 1995. 

East Island - May 1995, observed only. 

Status - unknown. 

Pyralid unknown sp. D 

Middle Island - May 1995. 

Status - unknown. 

Pyraustine unknown sp. A 

West Island - March 1992. 

Status - unknown. 

Pyraustine unknown sp. C 

West Island - March 1992. 

Status - unknown. 

Pyraustine unknown sp. D 

East Island - March-April 1992. 

Status - unknown. 


125 


G. R. Brown 


Pyraustine unknown sp. E 

East Island - March-April 1992. 

Status - unknown. 

7SCHOENOBIINAE 
Schoenobiine unknown sp. A 

West Island - March 1992. 

Status - unknown. 

SPHINGIDAE 

Agrius convolvuli (Linnaeus) 

West Island - April 1992, May 1995 at light; October 1998 (Gregg) at light on Aurelia IV. 

Status - unknown. 

ICephonodes kingii (W.S. Macleay) 

West Island - Brown (1999) lists this as previously recorded, but specimens not seen. 

Status - unknown. 

Hippotion celerio (Linnaeus) 

West Island - April 1992. 

Status - unknown. 

TINEIDAE 
Monopsis sp. A 

Middle Island - March-April 1992. 

East Island-April 1992. 

Status - unknown. 

UNKNOWN LEPIDOPTERA 
unknown sp. A 

West Island - March 1995 in Malaise trap. 

Status - unknown, 
unknown sp. B 

West Island - March 1995 in Malaise trap. 

Status - unknown, 
unidentified 

West Island - October 1998 (Gregg) in at light; June 2002, several damaged specimens in Malaise trap. 

Status - unknown. 

ORDER HYMENOPTERA (ants, bees and wasps) 

BETHYLIDAE 
unknown sp. A 

West Island-April 1992, May 1995 and June 2002 including in Malaise traps; October 1998 (Gregg) in Malaise trap. 
East Island - June 2002 on Trihulus cistoides flowers. 

Status - established. 

BRACONIDAE 
Cotesia sp. 

West Island — May 1995, October 1998 (Gregg), and June 2002 in Malaise trap. 

Status - probably established, 
unknown sp. A 

East Island - April 1992. 

Status - unknown, 
unknown sp. B 

West Island - May 1995 in Malaise trap. 

Status - unknown, 
unidentified sp(p). 

West Island - February 2000 (Postle). 

Middle Island - February 2000 (Postle) on beach grass. 

Status - unknown. 

ENCYRTIDAE 
unknown sp. A 

West Island - May 1995 and June 2002 in Malaise trap. 

Status - unknown. 
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EULOPHIDAE 
unknown sp. A 

West Island - May 1995 in Malaise trap. 

Middle Island - February 2000 (Postle) on beach grass (possibly this species). 

Status - unknown. 

EUPELMIDAE 
unknown sp. A 

West Island - May 1995 in Malaise trap. 

Status - unknown. 

EURYTOMIDAE 

unidentified 

West Island - February 2000 (Postle) on octopus bushes. 

Status - unknown. 

EVANIIDAE 
Evania sp. 

West Island - previously recorded (Pike 1992), but no specimens seen. 

Status - unknown. 

FORMIC1DAE 

Paratrechina longipes (Latreille) 

West Island - May 1995, and June 2002, on shrubs especially fish plate shrub, Gueltarda speciosa; October 1998 
(Gregg) in Malaise trap; February 2000 (Postle) on octopus bushes (presumed to be this species). 

Middle Island - February 2000 (Postle) on beach grass (presumed to be this species). 

Status - established. 

Solenopsis geminata (Fabricius) 

West Island April 1992, May 1995, June 2002, common, widespread and found under most dead birds, highest numbers 
observed near pump; February 2000 (Postle) on octopus bushes (presumed to be this species). 

Middle Island April -May 1992, June 2002 common, widespread and found under most dead birds, highest numbers 
observed near under coconut trees; Middle Island - February 2000 (Postle) on beach grass (presumed to be this species). 
East Island - June 2002 common, widespread and found under most dead birds. 

Status - established and now in pest numbers. 

Tetramorium sp. 

West Island - February 2000 (Postle). 

Status - unknown. 

ICHNEUMON1DAE 
IPrisiomeris sp. A 

West Island - June 2002 in Malaise trap. 

East Island - April 1992. 

Middle Island - April -May 1992. 

Status - unknown. 

POMPIL1DAE 
Anaplius opulentus Smith 

West Island - May 1995, common throughout the Island; June 2002, single specimen seen. 

Middle Island - June 2002, single specimen seen. 

East Island - June 2002, single specimen seen. 

Status - probably established. 

SCELIONIDAE 
Scelio sp. 

West Island - May 1995 and June 2002 in Malaise traps. 

Middle Island - February 2000 (Postle) on beach grass. 

Status - unknown. 

SPHECIDAE 
Sphex (Sphex) sp. 

West Island - June 2002 in Malaise trap; February 2000 (Postle) (possibly this species). 

Status - unknown. 

UNKNOWN MIC'ROHYMENOPTERA 
unknown sp. A 

West Island - May 1995 in Malaise trap. 

Status - unknown. 
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NON-INSECTS 

COLLEMBOLA (springtails) 

ENTOMOBYRIDAE 

unidentified 

Middle Island - February 2000 (Postle) under bird nest. 

Status - unknown. 

ISOPODA (slaters) 
unidentified 

Middle Island - February 2000 (Postle) under bird nest; June 2002, under hollow immature coconut beneath coconut 
trees. 

Status - unknown. 

ARACHNIDA - (spiders and mites) 

ARGASIDAE 
Ornilhodoros sp. 

Middle Island - February 2000 (Postle) under bird nest. 

Status - unknown. 

ORIBATIDAE 

unknown 

Middle Island - February 2000 (Postle) under bird nest. 

Status - unknown. 

SALTICIDAE 

unknown sp. A (blue markings) 

West Island - June 2002, on shrubs. 

Middle Island - June 2002, on shrubs. 

East - June 2002, on shrubs. 

Status - unknown, 
unknown sp. B (brown body) 

West Island - June 2002, on ground and plants. 

Middle Island - June 2002, on ground and plants. 

East - June 2002, on ground and plants. 

Status - unknown. 

Unknown Araneida 

West Island - June 2002, in Malaise trap. 

Status - unknown. 

In addition, Postle noted the presence of spiders (without further identification) in February 2000, while Brown (1999) 
noted the previous occurrence of the following groups: 

ARANEJDAE 
Neoscona sp. 

Nephila sp. 

CLUBIONIDAE 

GNAPHOS1DAE 

LYCOS1DAE 

PHOLCIDAE 

THERID1IDAE 

DIPLOPODA (millipedes) 

Brown (1999) noted the previous occurrence of this group, 
unknown sp. A 

West Island - June 2002, in leaf litter at edge of concrete slab. 

Status - unknown. 

CHILOPODA (centipedes) 

SCOLOPENDROMORPHA 

Brown (1999) noted the previous occurrence of this group, 
unknown sp. A 

West Island - June 2002, in leaf litter. 

Status - unknown. 

PSEUDOSCORPIDA (pseudoscorpions) 

Brown (1999) noted the previous occurrence of this group. 

Status - unknown. 
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APPENDIX 2. Annotated list of insects and mites found on Cartier Island in June 2002 

ORDER COLEOPTERA (beetles and weevils) 

CLERIDAE 

Necrobia rtifipcs (De Geer) 
on dead turtle. 

ORDER DIPTERA (flies, midges, mosquitoes) 

CHIRONOMIDAE 
unknown sp. A 

running ant-like on sand above high-tide mark. This species also occurs at Ashmore Reef. 

ORDER ACARINA (ticks and mites) 

unknown Acarina 
unknown sp. A 

several under a dead tern. 
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Survey for terrestrial reptiles of Ashmore Reef National Nature Reserve 
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ABSTRACT 

Ashmore Reef National Nature Reserve (ARNR) is situated in the eastern Indian Ocean, 840 km west of Darwin. The 
Reserve protects 239 square km of reef platform and includes three small, vegetated islands with a combined surface 
area of about 112 hectares. This report documents results of a field survey, conducted late in the wet season 
(11-17 March) of 2001, aimed at determining species present and relative abundance of terrestrial reptiles on the 
islands of ARNR. Anecdotal reports had suggested that at least two lizard species occur in the Reserve. Survey results 
however, indicate only the Asian House Gecko, Hemidactylus frenatus, is present, but only on West Island, where it 
is locally abundant. The apparently depauperate lizard fauna of ARNR is considered to be due to an abundance of 
diurnal avian predators, rather than a lack of opportunities for colonization. 

Keywords: Ashmore Reef National Nature Reserve, terrestrial reptiles, Hemidactylus frenatus. 


INTRODUCTION 

Ashmore Reef National Nature Reserve (ARNR) is 
situated in the eastern Indian Ocean, at 12°20’S 123°00’E, 
about 350 km north-west of the Kimberley coast on the 
Australian mainland and 150 km south of the Indonesian 
island of Roti. A marine reserve of 583 square km 
(Commonwealth of Australia 2001), ARNR protects 239 
square km of reef platform. Spaced at regular intervals 
along the east/west axis of the reef platform are three small, 
vegetated, sand islands that have a combined surface area 
of about 112 hectares. These islands are of low relief with 
no freely available fresh water and are separated by six or 
seven km of open water. 

ARNR is well known for supporting significant 
populations of sea birds, sea snakes and turtles. The 
terrestrial fauna is poorly known and only one terrestrial 
reptile has been recorded (Storr et al. 1990; Brown 1999), 
the Asian House Gecko, Hemidactylus frenatus. Anecdotal 
reports, however, suggest that at least one other lizard species 
may occur on West Island. During his five year term as 
warden at ARNR, S. Tester made occasional observations 
of small, slender, shiny lizards which he identified as 
members of the family Scincidae. 

This report documents the results of a five-day field 
survey of ARNR, carried out late in the wet season (11-17 
March) of 2001. The survey’s objective was to determine 
species present and relative abundance of terrestrial reptiles 
on East, Middle and West Islands. 

METHODS 

Survey methodology consisted of diurnal searches, 
with specimens being hand-captured. Ground litter was 


turned and time was spent observing thickets, leaf litter, 
etc. Search effort was concentrated on early morning 
and late afternoon, as optimal times for tropical lizard 
activity. An overcast day with scattered rainy periods 
allowed an extended period to be spent on West Island. 
To minimise habitat disturbance and avoid trap deaths 
from the abundant hermit crabs, pitfall traps were not 
used. 

As West Island is the largest and most diverse terrestrial 
habitat in ARNR, search effort was concentrated there. 
Over the survey period. East Island was visited once (14 
March) for two hours and Middle Island visited twice 
(12 and 14 March) for a total of three hours. Total search 
effort on West Island was 16 hours. 

East Island supports a dense groundstorey of low 
herbland, with an occasional Cordia subcordata shrub 
along the shoreline (Pike and Leach 1997). Middle Island 
has similar vegetation to East Island, but differs in having 
a central grove of three mature coconut palms. West Island 
is the largest of the complex and supports a more diverse 
vegetation structure (Pike and Leach 1997). Centrally, 
West Island is covered with a dense groundstorey of 
herbland, with an occasional emergent patch of taller 
grasses. The shoreline supports a fringe of low trees and 
shrubs, which often combine to present dense 
impenetrable thickets. 

RESULTS AND DISCUSSION 

No terrestrial reptile species were found on either East 
or Middle Island. West Island supports a population of 
H. frenatus, but no other lizard species was observed. No 
terrestrial snakes or mammals were observed, or suspected 
to be, on any island. 
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An efficient colonizer, H. frenatus is a nocturnal, 
bisexual, egg-laying lizard that frequents man-made 
structures. Native to Indo-Malaysia, it has become 
widespread by human agency and has established 
populations in Australia, New Guinea, many Pacific 
islands, and Florida and California in the USA. In Australia, 
H. frenatus is mostly restricted to urban areas where it 
tends to displace native geckos. It is the dominant lizard 
species in most coastal northern towns and cities, down to 
and including Brisbane. On West Island H. frenatus was 
common, utilising virtually any suitable shelter site, such 
as both standing and fallen timber, piles of litter, fallen 
palm fronds, driftwood, coral litter and dried turtle 
skeletons. Multiple specimens were usually present when 
ground litter was moved. Flighly vocal, its distinctive loud 
call was commonly heard originating from hidden shelters 
in dense thickets and palm crowns. The establishment of 
H. frenatus on West Island may have occurred relatively 
recently, as Graham Brown (Brown 1999 and pers. comm.), 
during a two-week entomological survey on ARNR in June 
1995, considered it uncommon. He found only a single 
individual (snared in a malaise trap designed for catching 
flying insects) and none was observed when ground litter 
was turned while searching for insects. 

The apparent absence of further lizard species on ARNR 
is unusual. Several other gekkonid and scincid species are 
efficient colonizers, with widespread distributions 
throughout the islands of the Pacific and Indian Oceans. 
West Island is capable of supporting a more diverse lizard 
fauna; insect life is relatively abundant (pers. obs.; Brown 
1999) and there are ample shelter sites. By comparison, 
New Year Island, off the Arnhem Land coast, is a similarly 
sized, dry, sand island that, while differently situated being 
only 47 km from the Australian mainland, supports six 
lizard species comprising four scincids and two gekkonids 
(pers. obs.). 

Briefly visiting ARNR during the survey period, 
S. Tester described his observations of small lizards on 
West Island. Those he had observed were slender and shiny, 
brown/gold in colour and had been seen three or four times 
among leaf litter near the water pump. His last sighting 
was probably in 1999. This information indicates that a 
scincid species has been present on the island. Though this 
survey failed to locate any specimens, their presence cannot 
entirely be ruled out. Tester’s three or four observations 
over a five year period indicates that if a scincid species is 
present, its population is very small or may even be repeated 
sightings of a single individual. 

That one terrestrial lizard species has become 
established on West Island indicates that the opportunity 
for colonization of ARNR is not a limiting factor. As 
approximately ten Indonesian vessels have been wrecked 
on ARNR in the last ten years (P. Clark pers. comm.), it is 
feasible that hundreds have been wrecked over the 
centuries. Why then is only one lizard species found on 
ARNR’s islands? 


The absence of lizards on East and Middle Islands is 
not surprising. Each supports an abundant and diverse sea 
bird fauna, which utilise virtually all available landmass. 
Each shrub is a crowded nesting or roosting site and the 
herbland interior is a maze of nesting and resting sea birds. 
Driftwood is scarce along the foreshores, and that present 
is used as perching sites by birds and underneath shelters 
numerous hermit crabs. There is virtually no chance of 
individual lizards finding safe shelter and foraging sites. 
Two searches of the central palm clump and associated 
frond debris on Middle Island failed to locate any lizards. 
Incidentally, this was the only place were a population of 
American cockroaches (Periplaneta americana) was 
observed. 

West Island is more problematical, as there are fewer 
resident sea birds, more habitat diversity and one lizard 
species has already become established. I hypothesize that 
the limiting factor on West Island is the relative abundance 
of diurnal predatory bird species. Apart from sea birds. 
West Island has many egrets ( Ardea garzetta, A. sacra) 
and an additional suite of species that are potential predators 
of small reptiles. Such species observed during the survey 
included two Oriental Cuckoos (Cuculus saturatus), two 
Sacred Kingfishers (Todiramphus sanctus), and four adult 
and one chick Buff-banded Rails (Gallirallusphilippensis). 
Pertinent to this hypothesis is that the diurnal activity of 
these species would coincide with that of any potential 
skink species, but differ from the nocturnal behaviour of 
H. frenatus. 
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an assessment of its importance for seabirds and waders 
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ABSTRACT 

Ashmore Reef seasonally supports up to 50 000 seabirds of 26 species and up to 2000 waders of 30 species. There are 
large nesting colonics of Common Noddy, and Sooty, Bridled and Crested Terns that are regionally and nationally 
significant. Four species of wader occur in internationally significant numbers during migration. These are Grey¬ 
tailed Tattler, Ruddy Turnstone, Eastern Curlew and Lesser Sand Plover. Birds have been counted and monitored 
since 1979 by Department of the Environment and Heritage staff, but the methods used and expertise varied among 
the observers. Thus, while these counts highlight the national and international importance of Ashmore Reef for both 
seabirds and waders, these data are only useful for measuring relative changes in bird numbers. The new draft 
management plan identified two activities with high risk to nesting birds and wader feeding habitat, namely traditional 
Indonesian fishing and illegal immigrants. Current data cannot be used to measure the potential effects of these 
threats to the viability of the nature reserve for these species. Before the impact of any threat can be measured, precise 
and accurate population estimates of important species need to be obtained. I discuss a number of issues that need to 
be resolved in order to monitor key seabird and wader populations on Ashmore Reef. A monitoring program that 
accounts for these issues will provide population estimates with a precision and accuracy that is acceptable to managers. 
Changes in relevant terrestrial and marine habitats can also be monitored in conjunction with bird surveys and will 
allow a better understanding of the importance of each habitat for sustaining the reserve’s bird populations. 

Keywords: Ashmore Reef, seabirds, waders, migratory species. 


INTRODUCTION 

Ashmore Reef National Nature Reserve is an 
uplifted coral platform 400 km off the north-western 
Australian coast, close to West Timor in Indonesia (12° 
17' S, 123° 02' E). It consists of three low coral sand 
islands of between 14 to 31 ha each (Fig. 1). Only 
West Island is vegetated, with fringing Argusia 
argentea, several coconut trees and an extensive grass 
cover. 

The weather in this region is controlled by two 
prevailing wind patterns the south-east trade winds 
from April to September and the north-west monsoon 
between December and March (Anon 1989). Most 
rainfall is associated with the monsoon, and cyclones 
with hurricane force winds can occur between 
December and April. 

There is limited information on the ecology and 
dynamics of the bird fauna of Ashmore Reef. Serventy 
(1952) noted that terns, boobies and frigatebirds nested 
there. He also identified that visits by Indonesian fishers 
were threatening the seabird populations in the 1940s. 
Ashmore Reef is managed as a nature reserve by the 
Department of the Environment and Heritage (DEH) and 


predation of nesting seabirds by Indonesian fishers is 
still considered an activity that has a high risk to their 
viability (Anonymous 2001). 

Data on the bird fauna have been limited to species 
counts (e.g. Serventy 1952) because the isolation of 
Ashmore Reef makes access difficult. However, recent 
surveys by the Department of the Environment and 
Heritage (formerly Australian National Parks and 
Wildlife Service) showed that the islands support nesting 
colonies of 16 species of seabird (Anon 1989, 2001). 
Of these, the colonies of Sooty Tern Sterna fuscata and 
Common Noddy Anous stolidus are the largest. The 
Common Noddy colony is the second largest for this 
species in Australia and estimated to be 13 500-35 000 
pairs (Higgins and Davies 1996). 

The aim of this study was (1) to collate and 
summarise the large number of anecdotal records taken 
during visits by Australian National Parks and Wildlife 
Service (ANPWS) staff between 1979 and 1998, and 
my own observations in October 1998, (2) identify the 
major gaps in our knowledge and (3) suggest a 
framework for monitoring seabirds and waders that will 
help ensure the integrity and long-term viability of bird 
populations on Ashmore Reef. 
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MATERIALS AND METHODS 

Data examined in this study were obtained from two 
sources. Firstly, from records taken during 67 visits by 
Australian National Parks and Wildlife Service staff 
(ANPWS). mainly D. Pike, to at least one of the three 
islands of Ashmore Reef (West, Middle and East) 
between 1979 and 1998. Secondly, from my 
observations during a visit to West and East Island on 
4-5 October 1998 while participating in a marine 
resource survey of the Timor Box MOU 74 region. 

ANPWS staff surveyed all three islands on most 
visits - West Island 65 visits. Middle Island 50 and East 
Island 52 visits, respectively. Over the 19-year period, 
each island was visited at least twice in each of the 12 
months. The maximum numbers of visits were during 
May when each island was visited in each of eight years. 
On each visit, the whole of each island was searched 
and all birds seen were identified and counted. The 
lengths of each visit were kept to a minimum to avoid 
disturbance, but would normally last about two hours 
on each island. Visits were usually made before 9:00 h 
or after 16:00 h to avoid heat-stressing nesting seabirds. 

I visited West and East Islands between 07:30 h and 
09:30 h on 4 and 5 October 1998, respectively. Middle 
Island was not visited due to time constraints, but 
preliminary observations suggested that it supported 
few birds at the time of my visit. The timing of my 
visit coincided with the late migration season for waders 
(Higgins and Davies 1996). The tide was rising on both 
days and all waders counted were roosting on the 
foreshore of West and East Island. Counts were made 
of the seabirds and waders on both islands with the aid 
of 10 x 40 binoculars and waders were carefully 
examined for any leg flags. Nests of all species were 
counted and the stage of development of chicks was 
also recorded. 

RESULTS AND DISCUSSION 

Species composition. A total of 93 species of birds 
have been identified from Ashmore Reef and another 
three species have been seen in the adjacent sea. Of these, 
20 species have been recorded breeding (Appendix). 
Almost all of these are seabirds, but the list includes the 
island-specialist. Buff-banded Rail, and three species of 
egret. Several of the land birds appear to occur regularly 
and were seen in more than one year. These included 
Black-faced Cuckoo-shrike, Rainbow Bee-eater, Sacred 
Kingfisher, Horsefield's Bronze-Cuckoo and Tree 
Martin. All these species were recorded either during 
April-May or September-October, presumably when 
migrating to and from Indonesia. They were all seen on 
the vegetated West Island, with only Buff-banded Rail 
and Sacred Kingfisher being seen on East Island during 
the survey period. 


The temporal coverage of the birds is skewed with 
monthly visits to all three islands throughout 1984 and 
1985, but increasingly patchy coverage since then. Of 
the 68 visits analysed, 53 visits were made during the 
1980s, one in the 1970s and 14 in the 1990s. There were 
no visits in 1980, 1981, 1991-1994 or 1997. Thus, the 
islands were only visited more than once during 12 of 
the 19 years of the study. I also have no measure of the 
precision or accuracy of the counts over this period. 
There were several observers involved in the study and 
their relative abilities to count birds have not been 
measured. Inexperienced observers tend to 
underestimate the counts of larger (locks (Bibby et al. 
1992) and vary in their ability to detect scarce (vagrant) 
species. 

Seabirds. Over 50 000 seabirds of up to 26 species 
were seen on the islands at Ashmore Reef or in the 
adjacent seas (Appendix). Of these, 16 species have been 
recorded breeding (Table 1). Most species breed on 
either Middle or East Island, the exception being small 
Crested Tern and tropicbird colonies on West Island. 

Sooty Terns are well known to breed at Ashmore 
Reef (Higgins and Davies 1996): 10 000 to 22 000 pairs 
were recorded nesting during the middle of the year 
(Fig. 2; Table 2). This makes Ashmore Reef the largest 
nesting colony of Sooty Terns in Western Australia, but 
not as large as several of the colonies on the Great 
Barrier Reef (Higgins and Davies 1996). Counts of 
Sooty Terns varied greatly between years; this could 
be due to (1) count underestimation, (2) a decline in 
the breeding populations (3) egg harvesting by 
Indonesian fishers or, more likely, (4) represent 
interannual variation similar to that found in Great 
Barrier Reef colonies (summarised in Higgins and 
Davies 1996). 

Common Noddies have been recorded nesting on 
all three islands at Ashmore Reef (Higgins and Davies 
1996). The total estimated number of pairs varied 
between 13 000 and 35 000 during the surveys. Except 
for the single high count in June (Table 1), the highest 
counts were recorded between September-Dccember, 
which is the peak breeding season for many Common 
Noddy colonies (Higgins and Davies 1996; Dunlop and 
Goldberg 1999). This estimate makes the Ashmore Reef 
Common Noddy colony the second largest in Australia, 
after the Abrolhos Islands populations. 

The breeding colonies of the other seabird species 
are also nationally significant. The estimates of 3000 
to 4000 breeding pairs of Bridled Terns make it one of 
the larger colonies recorded in Australia (Higgins and 
Davies 1996; Chatto 2001). Even the Crested Tern 
colony is the largest in Western Australia and similar 
in size to the third largest colony recorded outside the 
Northern Territory (Higgins and Davies 1996; Chatto 
2001). The presence of 16 breeding species is also 
significant compared to most seabird islands and 
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possibly reflects the strategic position of Ashmore Reef 
near the productive South Equatorial Current 
(Pocklington 1979; Dunlop el at. 1988) and the diversity 
of nesting habitat available on the three islands. 

Waders. Thirty species of wader have been recorded 
at least once on Ashmore Reef (Appendix). This 
represents almost 70% of the species that regularly 
migrate to Australia (Watkins 1993). The species with 
the highest abundance were Grey-tailed Tattler and 
Ruddy Turnstone (Table 3). The site is internationally 
significant for four species of wader, based on the 1% 
of Flyway population criteria in Watkins (1993). These 
are Eastern Curlew, Grey-tailed Tattler, Ruddy 
Turnstone and Lesser Sand Plover (Table 3). 

These species appear to use Ashmore Reef during 
both northward and southward migration (Fig. 3). Grey¬ 
tailed Tattler were found almost exclusively during 
October, presumably on their way south. Lesser Sand 
Plover were also found mainly during southward 
migration, whereas Eastern Curlew were more abundant 
on northward migration and Ruddy Turnstone during 
the non-breeding season (December). Counts varied 
greatly between the years, but the patterns were 
relatively consistent. 


How long each species spends at Ashmore Reef is 
unknown. Months with high counts of some species 
were often followed by counts the next month of similar 
magnitude. This suggests that at least some birds stop 
for several weeks, presumably enroute to or from the 
Australian mainland; all species recorded are relatively 
abundant in at least some region of Australia. The large 
number of Grey-tailed Tattlers and Ruddy Turnstones 
are important records, as the counts represent 
approximately 3 - 4% of the fly way population of each 
species (Watkins 1993). 

Ashmore Reef is probably used by the Grey-tailed 
Tattlers that form the large population at Eighty Mile 
beach. N W Australia (Lane 1987). The area of coralline 
sandfiats and seagrass meadows that covers most of the 
eastern half of Ashmore Reef (Fig. 1) appears capable 
of supporting large populations of waders that feed in 
this habitat for an extended period. However, there was 
little consistency between years in the numbers of each 
species recorded using Ashmore Reef. The species that 
have occurred in internationally significant numbers 
appear to vary greatly in their seasonal use of the site 
(Fig. 3). Alternately, the variation may just reflect 
inconsistent counting by different observers. 
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Fig. 1. Map of Ashmore Reef showing the three islands where seabirds nest and the extent of intertidal habitat available to waders. 
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Fig. 2. View of East Island from the south-east comer showing 
vegetation in October 1998 and nesting Sooty Terns (Sternafuscata) 
and Common Noddies (Anoits stolidus). 


The survey data indicate that most large flocks of 
waders are found during October-November and March- 
May. For most of the year, the number of waders on 
Ashmore Reef is probably quite small. There are some 
unusual records, for example, the largest flock of Ruddy 
Turnstones was recorded in December. This should be 
after most Turnstones have migrated to western Australia 
in September-October (Higgins and Davies 1996). 
Chatto (2002) found that Ruddy Turnstones and Grey¬ 
tailed Tattlers were more abundant on islands off the coast 
of the Northern Territory. The data from both these studies 
suggests that island habitats are much more important 
for these species than previously appreciated. 

Monitoring program framework. The data from the 
Australian National Parks and Wildlife Service surveys 
between 1979 and 1998 have demonstrated that the 
Ashmore Reef National Nature Reserve is internationally 
and nationally significant for several species of seabird 
and wader. However, these data are of limited use when 
planning for the long-term viability of the reserve for these 
key species. There is variable precision and accuracy in 
the counts because of several factors that are difficult to 
manage. In order to measure changes in the populations of 
key seabirds and waders that might be impacted by high 
risk activities (Anon 2001), an effective monitoring 
program needs to be established that provides population 
estimates with measures of accuracy and precision 
acceptable to managers. However, before a monitoring 
program can be established, there are a number of practical 
issues that need to be resolved. These include: 

1. What are the objectives of the monitoring program? 

2. How does one accurately and precisely count 
nesting seabirds and migratory waders on Ashmore Reef? 
and how important is observer experience? 

3. Given the remote location and difficult access, 
when is the most appropriate time of year to survey the 
birds? 

4. How does one distinguish between natural and 
anthropogenic effects on population numbers? 


I will briefly discuss each issue and suggest a 
program that could provide appropriate data to measure 
the effectiveness of Ashmore Reef National Nature 
Reserve for seabirds and waders. 

Objectives of a seabird and wader monitoring 
program. The most logical overall objective of a 
monitoring program would be to measure the 
performance of the Nature Reserve for maintaining 
populations of these bird species within existing 
population limits. This will entail knowledge of both 
seabirds and wader habitat and demography along with 
data on reproductive success of the nesting seabirds. 
The conservation objectives differ between these two 
bird groups. Seabirds are breeding visitors that require 
appropriate terrestrial habitat and minimal disturbance 
for extended periods, whereas waders are short-term 
visitors that have other options for feeding and may 
overfly Ashmore Reef. The data required to meet this 
objective for these two groups would include: 

(a) comprehensive, accurate and reliable counts of 
all species; 

(b) studies of the quantity and quality of feeding 
(wader) and nesting habitat (seabirds); and 

(c) annual measures of the reproductive success of 
breeding seabirds by banding both adults and chicks 
and monitoring their survival during the breeding 
season. 

Making accurate and precise counts of waders and 
nesting seabirds. There have been few studies of the 
difficult question of how to obtain accurate and precise 
population estimates of nesting seabirds whose 
breeding activities vary both temporally and spatially 
(King et a!. 1992; Higgins and Davies 1996; Milton 
et al. 1996). Welsh et al. (2000) discuss the major 
issues of making seabird nest counts on remote islands, 
including restricted access periods, limited or variable 
time and numbers of observers during each survey and 
changes in vegetation structure between surveys. They 
suggest a model-based approach that relics on an initial 
comprehensive sampling of a series of quadrats that 
may be re-sampled with different intensities in 
subsequent years. They apply this approach to data 
on Lesser Frigatebird nesting on Herald Cay, northern 
Great Barrier Reef. 

Milton et al. (unpubl. data) examined the effect of 
observer experience and time of day on estimates of 
booby nest density on Raine Island in northern 
Queensland. The study found that time ol day had little 
effect on the estimate of nest density, but that uneven 
distribution of nests and observer experience could 
affect the estimates. 

The results from both these studies need to be 
incorporated in the design of an appropriate sampling 
program to estimate the nesting density of Sooty, 
Bridled and Crested Terns and Common Noddies on 
Ashmore Reef. All four species nest in the open on bare 
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or grassy areas and among vegetation (Feare et al. 
1997); often colonies can be quite densely-packed 
(Higgins and Davies 1996). These conditions present 
their own unique sampling challenges that would need 
to be studied before a longer-term population-monitoring 
program could be implemented. 

Waders present a different set of problems when 
attempting to obtain accurate and precise counts. 
Waders are usually most easily counted when roosting, 
as the birds are aggregated (Bibby et al. 1992). These 
authors also suggest methods for counting these Bocks 
and note that variations in counts between observers 
are often large (Prater 1979). Multiple counts of each 
tlock are needed during short periods to provide some 
measure of the precision of counts (Cunningham et al. 
1999). Methods that include photographing flocks for 
later analysis can then be used to measure the accuracy 
of the counts (Prater 1979). 

Timing of seabird and wader surveys. The existing 
data (Tables 1 and 3) provide a useful indication of the 
most appropriate time to survey seabirds and waders. 
Single visits are unlikely to provide comprehensive data 
for all species. Sooty, Bridled and Crested Terns and 
Common Noddies usually have extremely variable 
nesting habits, that vary greatly both between and 
within colonies (Higgins and Davies 1996). All species 
can nest throughout the year with either spring of 
autumn peaks in laying (King et al. 1992; Higgins and 
Davies 1996). The count data (Table I) support these 
conclusions with peak numbers of Sooty, Bridled and 
Crested Terns in April-June in some years and in 
September-December in others. Common Noddies 
were present more often in significant numbers during 
the September December period (Table 1). 

Waders were present in highest numbers during the 
spring southward migration (Fig. 3). Peak counts of the 


Table 1. The estimated number of pairs of each species recorded 
breeding on Ashmore Reef between 1983-1988. Data from 
Anonymous (1989). 


Species 

Estimated number of 
breeding pairs 

Wedge-tailed Shearwater 

0-35 

Masked Booby 

0-2 

Brown Booby 

0-20 

Lesser Frigatebird 

0 - 750 

Red-tailed Tropicbird 

0-3 

White-tailed Tropicbird 

0-2 

Little Egret 

0-10 

Eastern Reef Egret 

300 - 500 

Roseate Tern 

0-60 

Sooty Tern 

10000 - 50000 

Bridled Tern 

3000 - 4000 

Lesser Crested Tern 

0 - 500 

Crested Tern 

1000 - 4500 

Common Noddy 

13500 - 35000 

Black Noddy 

50 - 100 

Lesser Noddy 

100-150 




Jan Feb March April May June July Aug Sept Oct Nov Dec 



Jan Feb March April May June July Aug Sept Oct Nov Dec 



Jan Feb March April May June July Aug Sept Oct Nov Dec 
Months 


Fig. 3. The maximum count recorded each month for the four 
species of wader that were present in internationally significant 
numbers, (a) Grey-tailed Tattler, (b) Eastern Curlew, (c) Ruddy 
Turnstone and (d) Lesser Sand Plover. 


species in internationally important numbers varied, but 
both Grey-tailed Tattler and Lesser Sand Plover were 
present in greatest numbers in October. Monitoring at 
this time should pick up the greatest diversity and 
density of waders, even though the peak numbers of 
some species may be at other times. This suggests that 
at least two surveys would be required each year and 
that they should coincide with the peak periods of 
seabird breeding and wader migration (April June) and 
September-December). 

Distinguishing between natural and anthropogenic 
effects on populations. Chatto (2001) found that 
Aboriginal people harvested the eggs of nesting seabirds 
in the Northern Territory. I have no data on the extent 
of egg collecting by Indonesian fishers who spend the 
Dry season (April-September) at Ashmore Reef to 
harvest marine organisms. However, there was 
evidence of considerable egg harvesting during the 
earlier intensive surveys by ANPWS staff in the 1980s. 
Egg and chick harvesting has been identified as a threat 
to seabirds in the draft management plan (Anon 2001). 
Any monitoring program should attempt to quantify this 
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effect through incidental observations during the survey 
periods. 

Sooty Terns vary their nesting between habitats and 
some colonies have declined dramatically from loss of 
habitat (Feare et al. 1997). Thus data on habitats will 
be required in order to effectively monitor their 
populations. Saliva and Burger (1989) showed that nest 
density could be enhanced by experimental 
manipulation of vegetation density. Thus colonisation 
of Ashmore Reef islands by weedy plant species, or 
unseasonal rainfall may create dense vegetation that 
will adversely effect nesting and subsequent survival 
to fledging (Feare et al. 1997). 

Similarly, changes in the intertidal habitat mix on 
Ashmore Reef will affect the feeding of each species 
of wader differently. Regular surveys of intertidal 
habitat or analysis of ground-truthed satellite images 
will help interprete changes in wader numbers. Skewes 
et al. ( 1 999) sampled the intertidal and subtidal habitats 


on Ashmore Reef and found that most of the habitat was 
bare sand, with approximately 2% seagrass cover. The 
relative importance of seagrass habitat for wader feeding 
could be monitored, as some species prefer feeding in 
this habitat (Higgins and Davies 1996). 

CONCLUSIONS 

During 68 visits to Ashmore Reef from 1979 to 1998, 
93 species of bird were identified. Of these, 20 species 
nest on the islands, including 16 species of seabird. 
There are nationally important colonies of Sooty, 
Bridled and Crested Tern and Common Noddy nesting 
on Middle and East Island between May and December 
each year. Ashmore Reef also supports internationally 
significant numbers of four species of wader using the 
Ramsar criteria. These species (Eastern Curlew, Grey¬ 
tailed Tattler. Ruddy Turnstone and Lesser Sand Plover) 
occur mainly during northward and southward migration 


Table 2. The highest count seen each month of the bird species recorded breeding at Ashmore Reef. Data were obtained from 68 visits 
between 1979 and 1998 and the number of visits in each month is shown below. 


Species 

Jan 

Feb 

March 

April 

May 

June 

July 

August 

Sept 

Oct 

Nov 

Dec 

Wedge-tailed Shearwater 

- 

- 

- 

- 

- 

- 

- 

- 

15 

- 

- 

5 

Red-tailed Tropicbird 

1 

4 

13 

- 

1 

6 

1 

1 

15 

1 

1 

6 

White-tailed Tropicbird 

4 

5 

6 

4 

6 

4 

4 

6 

5 

4 

2 

9 

Masked Booby 

- 

- 

6 

- 

9 

- 

- 

- 

5 

2 

- 

5 

Red-footed Booby 

- 

- 

4 

- 

15 

- 

- 

- 

5 

- 

- 

7 

Brown Booby 

150 

18 

38 

112 

1343 

16 

26 

190 

150 

200 

826 

940 

Great Frigatebird 

- 


- 

- 

24 

- 

- 

2 

13 

- 

- 

1 

Lesser Frigatebird 

100 

75 

220 

16 

1991 

84 

519 

250 

755 

- 

270 

4 

Little Egret 

- 

- 

62 

10 

45 

56 

16 

11 

80 

16 

33 

140 

Eastern Reef Egret 

- 

109 

510 

800 

850 

580 

130 

200 

570 

1136 

750 

800 

Great Egret 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

Buff-banded Rail 

- 

- 

- 

1 

2 

- 

- 

- 

4 

- 

6 

6 

Lesser Crested Tern 

- 

- 

- 

- 

- 

- 

- 

100 

- 

1 

3 

- 

Crested Tern 

250 

- 

50 

100 

3100 

1180 

650 

1000 

500 

403 

1300 

2500 

Roseate Tern 

- 

- 

30 

- 

306 

170 

70 

20 

- 

84 

- 

- 

Bridled Tern 

- 

- 

100 

300 

321 

2400 

626 

1500 

500 

1480 

210 

60 

Sooty Tern 

2130 

1200 

6600 

45000 

45000 

2428 

1610 

9250 

12865 

9163 

35000 

16450 

Common Noddy 

624 

42 

5000 

5000 

6732 

54000 

3520 

5300 

11375 

19371 

15000 

12100 

Black Noddy 

- 

- 

53 

- 

407 

20 

482 

- 

26 

- 

- 

15 

Lesser Noddy 

- 

- 

- 

- 

1 

120 

- 

- 

70 

- 

- 

- 

Total effort (visits) 

2 

2 

6 

5 

8 

5 

6 

6 

7 

7 

7 

7 


Table 3. Maximum counts of the ten most abundant waders at Ashmore Reef and the criteria for international significance (based on the 
Ramsar criteria of 1% of world population published in Watkins (1993)). 


Common name 

Scientific name 

Count Island 

Month 

Int. significance 

Whimbrel 

Numenius phaeopus 

250 

November 

400 

Eastern Curlew 

Nunienius minutus 

300 

March 

210 

Grey-tailed Tattler 

Heteroscelus bpevipes 

1631 

October 

480 

Ruddy Turnstone 

Arenaria interpres 

1101 

December 

280 

Great Knot 

Calidris tenuirostris 

82 

May 

3190 

Red-necked Stint 

Calidris ruficollis 

120 

September 

4710 

Curlew Sandpiper 

Calidris ferruginea 

252 

October 

2500 

Pacific Golden Plover 

Pluvialis fulva 

200 

May 

900 

Lesser Sand Plover 

Charadrius mongolus 

550 

October 

270 

Large Sand Plover 

Charadrius leschenaulti i 

180 

November 

990 
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in April-May and September-November. While the 
surveys to date have highlighted the importance of 
Ashmore Reef for the conservation of key populations 
of seabirds and waders, they provide limited data with 
which to measure the performance of the reserve in 
maintaining its conservation values. If the integrity of 
the reserve is to be maintained, a structured monitoring 
program is required. However, before this can be 
implemented, I have identified four practical issues that 
need to be addressed. I discuss each issue and suggest 
studies whereby these issues can be overcome and hence 
provide data for a monitoring program which can also 
be used to measure the effectiveness of the reserve for 
maintaining populations of seabird and wader species. 
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APPENDIX: Bird species of Ashmore Reef updated to October 1998. 93 species recorded in the National Nature Reserve plus 3 
sighted offshore (B = breeding; N = non-breeding) 


Scientific Name 

Breeding/ Common Name 

Non-Breeding 

Date First 

Recorded 

Recorded By 

Puffinus pacificus 

(B) 

Wedge-tailed Shearwater 

May 1986 

D Pike/A Grant 

Oceanites oceanicus 

(N) 

Wilson’s Storm-Petrel 

May 1988 

S Watts 

Oceanodroma matsudairae 

(N) 

Matsudaira’s Storm-Petrel 

July 1986 

11 Larson 

Pelecanus conspicillatus 

(N) 

Australian Pelican 

July 1977 

K F Kenneally 

Sula dactylatra 

(B) 

Masked Booby 

October 1949 

V Serventy 

Stila leucogaster 

(B) 

Brown Booby 

October 1949 

V Serventy 

Sula sula 

(B) 

Red-footed Booby 

March 1991 

D Pike 

Phalacrocorax melanoleucos 

(N) 

Little Pied Cormorant 

August 1987 

D Pike 

Phalacrocorax sulcirostris 

(N) 

Little Black Cormorant 

Sept 1990 

D Pike 

Fregala minor 

(B) 

Great Frigatebird 

August 1984 

A Skeat 

Fregata ariel 

(B) 

Lesser Frigatebird 

October 1949 

V Serventy 

Phaethon lepturus 

(B) 

White-tailed Tropicbird 

October 1983 

J Hicks 

also P. lepturus race fulvius 

(N) 

(Golden Bosun Bird) 

May 1995 

D Pike/G Brown 

Phaethon rubricauda 

(B) 

Red-tailed Tropicbird 

February 1983 

N Sarti 

Ardea novaehollandiae 

(N) 

White-faced Heron 

October 1949 

V Serventy 

Egretta alba 

(B) 

Great Egret 

October 1949 

V Serventy 

Egretta garzetta 

(B) 

Little Egret 

November 1979 

J McKean 

Egretta intermedia 

(N) 

Plumed Egret 

August 1984 

A Skeat 

Egretta sacra 

(B) 

Eastern Reef Egret 

October 1949 

V Serventy 

Nycticorax nycticorax 

(N) 

Black-crowned Night Heron 

April 1994 

D Pike 

Nvcticorax caledonicus 

(N) 

Rufous Night Heron 

December 1982 

M Forbes 

Aythya australis 

(N) 

Hardhead Duck 

July 1997 

Steve Tester 

A cc ip iterfascia tus 

(N) 

Brown Goshawk 

July 1984 

I Morris/M Hinchey 

Falco peregrinus 

(N) 

Peregrine Falcon 

April 1989 

D Pike 

Circus aeroginosus 

(N) 

Marsh Harrier 

May 1990 

D Pike/G Lightbody 

Elanus scriptus 

(N) 

Letter winged Kite 

July 1977 

K F Kenneally 

Falco cenchroides 

(N) 

Nankeen Kestrel 

April 1985 

R Dalgliesh 

Gallirallus philippensis 

(B) 

Buff-banded Rail 

August 1988 

D Pike 

Pluvial is fulva 

(N) 

Pacific Golden Plover 

October 1949 

V Serventy 

Pluvialis squatarola 

(N) 

Grey Plover 

August 1988 

D Pike 

Charadrius mongolus 

(N) 

Lesser Sand Plover 

November 1979 

J McKean 

Charadrius leschenaultii 

(N) 

Large Sand Plover 

October 1949 

V Serventy 

Charadrius veredus 

(N) 

Oriental Plover 

November 1979 

J McKean 

Vanellus miles 

(N) 

Masked Lapwing 

August 1997 

Steve Tester 

Himantopus himantopus 

(N) 

Black winged Stilt 

Sept 1984 

I Morris 

Esacus neglectus 

(N) 

Beach Stone Curlew 

July 1984 

I Morris/M Hinchey 

Arenaria interpres 

(N) 

Ruddy Turnstone 

October 1949 

V Serventy 

Numenius madagascariensis 

(N) 

Eastern Curlew 

November 1979 

J McKean 

Numenius phaeopus 

(N) 

Whimbrel 

October 1979 

J McKean 

Numenius minutus 

(N) 

Little Curlew 

April 1983 

B Gall 

Heteroscelus brevipes 

(N) 

Grey-tailed Tattler 

November 1979 

J McKean 

Actitis hvpoleucos 

(N) 

Common Sandpiper 

October 1949 

V Serventy 

Tringa nebularia 

(N) 

Common Grecnshank 

February 1985 

A Press 

Tringa totanus 

(N) 

Common Redshank 

March 1991 

D Pike 

Tringa stagnatilis 

(N) 

Marsh Sandpiper 

October 1983 

J Hicks 

Xenus cinereus 

(N) 

Terek Sandpiper 

October 1949 

V Serventy 

Limnodromus semipaimatus 

(N) 

Asian Dowitcher 

April 1994 

D Pike 

Limosa lapponica 

(N) 

Bar-tailed Godwit 

October 1949 

V Serventy 

Limosa limosa 

(N) 

Black-tailed Godwit 

October 1988 

M Shulz 

Calidris canutus 

(N) 

Red Knot 

October 1949 

V Serventy 

Calidris tenuirostris 

(N) 

Great Knot 

November 1979 

J Mckean 

Calidris ruficoliis 

(N) 

Red-necked Stint 

October 1949 

V Serventy 

Calidris alba 

(N) 

Sanderling 

July 1986 

H Larson 

Limicolafalcinellus 

(N) 

Broad-billed Sandpiper 

May 1989 

D Pike 

Calidris acuminata 

(N) 

Sharp-tailed Sandpiper 

March 1989 

G. Miles 

Calidris ferruginea 

(N) 

Curlew Sandpiper 

October 1987 

M Hinchey 

Stiltia 'Isabella 

(N) 

Australian Pratincole 

December 1982 

M Forbes 

Glareola maidivarum 

(N) 

Oriental Pratincole 

December 1988 

D Pike/L Thomas 

Sterna leucoptera 

(N) 

White-winged Tern 

November 1979 

J McKean 

Gelochelidon nilotica 

(N) 

Gull-billed Tern 

April 1986 

W Phillips 
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Scientific Name 

Breeding/ Common Name 

Non-Breeding 

Date First 
Recorded 

Recorded By 

Sterna hirundo 

(N) 

Common Tern 

October 1996 

D Pike 

Sterna dougallii 

(B) 

Roseate Tern 

May 1986 

I Morris/M Hinchey 

Sterna fuscata 

(B) 

Sooty Tern 

October 1949 

V Serventy 

Sterna anaethetus 

(B) 

Bridled Tern 

October 1979 

J McKean 

Sterna albifrons 

(N) 

Little Tern 

August 1987 

D Pike 

Sterna bergii 

(B) 

Crested Tern 

October 1949 

V Serventy 

Sterna bengalensis 

(B) 

Lesser Crested Tern 

October 1979 

J McKean 

A nous stolidus 

(B) 

Common Noddy 

October 1949 

V Serventy 

A nous tenuirostris 

(B) 

Lesser Noddy 

November 1979 

J McKean 

A nous minutus 

(B) 

Black Noddy 

July 1984 

I Morris/M Hinchey 

Gvgis alba 

(N) 

White Tern 

November 1987 

D Pike 

Geopelia striata 

(N) 

Peaceful Dove 

May 1991 

D Pike/S Tester 

Cacomantis variolosus 

(N) 

Brush Cuckoo 

June 1990 

D Pike 

Cuculus saturatus 

(N) 

Oriental Cuckoo 

January 1985 

I Morris 

Cuculus pallidus 

(N) 

Pallid Cuckoo 

March 1989 

G Miles 

Chrysococcyx basalis 

(N) 

Horsefields Bronze-cuckoo 

November 1979 

J McKean 

Chrysococcyx minutillus 

(N) 

Little Bronze-Cuckoo 

December 1982 

M Forbes 

Scythrops novaehollandiae 

(N) 

Channel-billed Cuckoo 

October 1984 

M Hinchey 

Ninox scutulata 

(N) 

Brown Hawk Owl 

January 1973 

CSIRO Collection 

A pus pad ficus 

(N) 

Fork-tailed Swift 

October 1984 

M Hinchey 

Todiramphus sanctus 

(N) 

Sacred Kingfisher 

November 1979 

J McKean 

Todiramphus macleayii 

(N) 

Forest Kingfisher 

June 1990 

D Pike 

Merops ornatus 

(N) 

Rainbow Bee-eater 

October 1984 

M Hinchey 

Euryostotnas orientalis 

(N) 

Dollarbird 

March 1991 

D Pike 

Hirundo rustica 

(N) 

Barn Swallow 

March 1996 

D Pike 

Hirundo daurica 

(N) 

Red-rumped Swallow 

March 1992 

D Pike 

Cecropis nigricans 

(N) 

Tree Martin 

November 1979 

J McKean 

Cecropis ariel 

(N) 

Fairy Martin 

August 1985 

S Watts 

Mviagra ruficollis 

(N) 

Broad-billed Flycatcher 

August 1994 

D Pike 

Motacilla JJava 

(N) 

Yellow Wagtail 

November 1979 

J McKean 

Coracina novaehollandiae 

(N) 

Black-faced Cuckoo-Shrike 

July 1984 

1 Morris/M Hinchey 

Phvlloscopus borealis 

(N) 

Arctic Warbler 

December 1990 

D Pike 

Grallina cyanoleuca 

(N) 

Magpie Lark 

May 1986 

D Pike 

Corvus orru 

(N) 

Torresian Crow 

May 1984 

1 Morris/L Barnett 


Note: In October 1996, the Palliser Expedition to Ashmore and Cartier reported sighting Tahiti Petrels ( Pterodroma rostrata), 
Bulwer’s Petrel (Bulweria bulwerii) and Streaked Shearwaters (Procellaria leucomelas) in the offshore areas adjacent to Ashmore 
Reef. Breeding Species = 20; CAMBA listed = 44 species; JAMBA listed = 44 species. 
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A preliminary assessment of the ecology of seagrasses at Ashmore Reef 
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ABSTRACT 

The knowledge about seagrasses on the North West Shelf of Australia is, at best, restricted. This paper summarises 
the findings of three seagrass surveys from Ashmore Reef in northern Australia. Ashmore Reef has the highest 
average seagrass cover (2%) of the reefs of the Sahul Shelf, with 22.13 knrof seagrass beds (>10% cover). Although 
five seagrass species have been documented, the dominant species is Thalassia hemprichii (Ehrenb.) Aschers. Low 
biomass (av. 209 g DW nr 2 ), high ratios of above ground to below ground biomass (1:5), and short blade lengths 
(average 4 cm ) of T. hemprichii at Ashmore Reef are attributed to high exposure times, nutrient deficiency and strong 
tidal currents. 

Seagrasses at Ashmore Reef are significant because they provide habitats for infaunal, benthic and pelagic organisms, 
act as a sediment baffler and binder, and are a forage provider. Green turtles (Chelonia mydas) and dugongs ( Dugong 
dugon), which both occur at Ashmore Reef, forage on seagrasses. Preliminary evaluations of grazing requirements 
for dugongs and turtles indicate that the known seagrass biomass can sustain the populations at Ashmore Reef. 

Keywords: Seagrass, Thalassia hemprichii , biomass, turtles, dugongs, sediment stability. 


INTRODUCTION 

Seagrasses are the only fully submerged marine 
angiosperms (den Hartog 1970). Seagrasses grow in 
water depths of 0-30 m and occur from tropical to polar 
regions (Pike and Leach 1997). Both temperate and 
tropical seagrass environments are important as fish 
nurseries, provide habitat and forage, and are sediment 
producers and sediment stabilisers (Butler and Jernakoff 
1999). Tropical seagrasses are particularly important 
for turtle and dugong foraging, as well as nurseries for 
penaeid shrimps (Coles et al. 1987; Mellors and Lee 
Long 1997). 

Tropical seagrasses are predominantly found 
between 25°N-25°S. In Australia, the transition from 
tropical to temperate seagrasses occurs at 25°S on the 
east coast and 30°S on the west coast. Seagrasses occur 
further south on the west coast because of the presence 
of the southward flowing Leeuwin Current generated 
by Pacific Ocean currents flowing through the 
Indonesian Gateway into the Timor Sea. The current 
then flows southwards, down the west coast of 
Australia, and veers eastwards into the Great Australian 
Bight (Pattiaratchi and Buchan 1991). 

There are seven genera of tropical seagrasses: 


*Kirsty Brown was tragically lost in a diving accident on 
22 July 2003 while working in the Antarctic for the British 
Antarctic Survey. 


Thalassia, Thallassodendron, Syringodium, Halodule, 
Halophila, Cymodocea and Enhalus. These seagrasses 
are found intertidally and subtidally, from a depth of 
2.2 m above mean sea level to 28 m below mean sea 
level (Lee Longer al. 1993). Seagrasses tend to colonise 
sheltered locations such as coastal bays, reef platforms, 
and on the lee side of islands. 

Most research on tropical seagrasses has been 
carried out in the Caribbean (in particular Florida), 
however, there has been some research conducted on 
the north-east shelf of Australia (Mellors and Lee Long 
1997; Long and Skewes 1997) and in some Indo-Pacific 
regions (Brouns 1985; Erftemeijer and Herman 1994; 
Vermaat et al. 1995; Jagtap 1998; Terrados et al. 1999: 
Agawin et at. 1996). In Florida, seagrasses cover an 
area of 15 000 km 2 (Fourqurean and Escorcia 2001) 
and in the Indo-Pacific region there is an estimated 
coverage of 40 000 km 2 (Erftemeijer 1994). Seagrasses 
cover an area of 3 000 km 2 in the Great Barrier Reef 
(Lucus et al. 1997), 17 500 km 2 in the Tores Strait 
(Kirkman 1997) and 906 km 2 in the Gulf of Carpentaria 
(Kirkman 1997). The extent in the north-west of 
Australia remains largely unknown. This is partly 
attributed to the high tidal range which reduces water 
transparency, rendering remote sensing techniques 
useless (Butler and Jernakoff 1999). A survey by Walker 
(1997) identified seagrasses in coral reef environments 
and intertidal lagoons off the Kimberley region and 
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considered that other environments in this region were 
too extreme for seagrass to grow due to rapid tidal 
flows, high turbidity and freshwater run-off in the wet 
season. 

This paper summarizes and discusses the findings 
from three surveys reporting on the status of seagrass 
from Ashmore Reef. The data are preliminary, but are 
the only known data from the region. 

SEAGRASS SURVEYS AT ASHMORE REEF 

There have been three previous surveys from 
Ashmore Reef (12°I4’S, 122°58’E) that have reported 
information on seagrasses. The first was carried out by 
Pike and Leach (1997), who identified five species of 
seagrass: Thalassia hemprichii, Thalassodendron 
ciliatum, Hatophilia ovalis, H. decipiens and Halodule 
pinifolia (Fig. 1). The presence of the first three species 
was confirmed on later surveys, but not the latter two 
(Skewes et ai 1999; Brown 2001). 

The second survey was carried out by CS1RO in 
1998 (Skewes et al. 1999). This survey identified the 
distribution, density and composition of seagrasses 
along 20 m transects at 240 sites, and data were used 
to produce percentage cover and relative species 
distribution maps (Table I, Fig. 2). This survey 
determined that Ashmore Reef has the highest known 
average seagrass cover (2.1%) and over 80% of all the 
seagrass cover within MOU74 Box (Skewes et al. 
1999). The MOU74 Box is 50 000 knr that contains 
five large reef systems including Scott Reef, 
Seringapatam Reef and Ashmore Reef where traditional 
fishers are allowed to ply their trade. 


Table 1. Table showing the extent of seagrass at different densities 
at Ashmore Reef. 


% seagrass cover 

Area covered by seagrass 


ha 

km 2 

0 

13 902.4 

139.024 

1 

2334.8 

23.348 

2 

772.9 

7.729 

3 

612.6 

6.126 

4 

228.0 

2.280 

5 

1200.2 

12.002 

6 

273.0 

2.730 

8 

128.8 

1.288 

10 

698.1 

6.981 

12 

186.6 

1.866 

15 

728.1 

7.281 

20 

269.2 

2.692 

25 

204.2 

2.042 

75 

127.2 

1.272 

Total 

21 666.1 

216.661 


The most recent seagrass survey was carried out in 
2001 (Brown 2001). This survey obtained biomass data 
from T. hemprichii at six locations around West Island 
(Fig. 2A). With these data, the importance of seagrass 
for sediment stabilisation, foraging and habitat were 
examined. 

Distribution and species density. Seagrasses at 
Ashmore Reef extend over an area of 22.13 km 2 
(Skewes et al. 1999). This value was obtained by 
contouring the data from the 1998 survey and using a 
10% seagrass coverage cut-off level (Table 1; Skewes 
et al. 1999). Most of the seagrass on Ashmore Reef is 
found in the shallow reef-flat (Fig. 2) (Skewes et al. 
1999; Brown 2001). The highest diversity and density 
are found on the western edge of the reef (Fig. 2A). 
Additionally, Brown (2001) noted changes in the ratio 
of seagrass to coral across the shallow reef-flat. The 
inner reef-flat is dominated by seagrass and only a few 
coral heads, whereas the outer reef-flat is dominated 
by coral, with seagrass only present in gaps between 
the coral. Seagrass is present on the reef-flat to 
approximately 100 m from the reef crest. The sand flats 
are largely uncolonised by seagrass, except where 
protection is afforded from the currents. 

Thalassia hemprichii is the predominant species 
in the area, comprising over 85% of the abundance of 
documented seagrass at Ashmore Reef (Skewes et al. 
1999). Thalassia hemprichii is distributed sparsely 
across the sand fiats but has relatively high coverage 
on the reef flat area (Skewes et al. 1999; Brown 2001). 
Thalassodendron ciliatum is only found in significant 
quantities on the reef fiats to the north of West Island 
(Brown 2001). Halophila ovalis is found sparsely in 
deep parts of the eastern lagoon and the reef slope 
outside the reef platform (Pike and Leach 1997) and 
in small isolated patches, amongst the T. hemprichii, 
on the sand fiats around West and East Island (Brown 
2001). Halophilia decipiens is found on the sandy reef 
slopes outside the reef platform in water up to 20 m 
deep (Pike and Leach 1997). Halodule pinifolia is 
found in the blue hole (previously known as the deep 
lagoon) on the southern edge of the reef (Pike and 
Leach 1997). Neither H. decipiens nor H. pinifolia 
are shown in Figure 2 due to their restricted 
distribution. Overall, the species composition and 
cover were very similar to midshelf reefs on the 
northern Great Barrier Reef and Torres Strait (Long 
et al. 1997). 

Thalassia hemprichii. The dominant seagrass 
species at Ashmore Reef is Thalassia hemprichii, and 
as such it has been targeted for more in-depth study 
(Pike and Leach 1997; Skewes et al. 1999; Brown 
2001). This species tolerates high water temperatures 
and can survive exposure during low tides (Brouns 
1985). T. hemprichii grows in the intertidal zone on 
the sand flats and reef fiat (Fig. 3). 
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c. Thalassedendron clliatum 



b. Thalassia hempdchii 



d. Thalassedendron ritiatum 


1 cm 


e. Halopbila decipiens 



g. Halodufe pindolia 




{. Hafophda ovalis 



h. Halimeda sp. 


Fig. 1. Seagrass species and Halimeda sp. of Ashmore Reef. b,d, adapted from http://www.botany.hawaii.edu/seagrass/species.html (2001); 
a,c,h, from Brown (2001); e,f,g, adapted from Pike and Leach (1997). For detailed description see Kuo and McComb (1989). 
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0 5 10 15 Kilometres 


• Biomass samples 

• Survey sites 
Seagrass cover % 


0 

0-5 

6-10 

11-20 

21-30 

31-50 

51-100 


B 



Seagrass Species 
pie size proportional 
to total cover 
M Thalassia hemprichii 
I I Halophila ovalis 
I I Thalassodendron ciliatum 


Fig. 2. Distribution maps of seagrass at Ashmore Reef (Skewes el al. 1999). A, depicts the seagrass distribution and percentage cover, 
insert shows site of biomass sample (Brown 2001); B, shows the seagrass species in proportion to the total cover. Survey sites indicated 
in A. 
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Table 2. Biomass and composition of Thalassia hemprichii from intertidal sites around West Island, Ashmore Reef. 


Sample 

% cover 

Shoot nv 2 

Blades nr 2 

Biomass (g DW nv 2 ) 
Above ground Below ground 

Total 

Sediment 
weight g nv 2 

A 

15 

656 

2368 

40.3 

103.5 

143.8 

514.7 

B 

20 

848 

2352 

52.3 

297.1 

349.4 

354.4 

C 

10 

592 

2048 

33.3 

253.9 

287.2 

726.4 

D 

10 

592 

1744 

29.6 

157.4 

187.0 

918.4 

E 

15 

672 

2096 

41.4 

116.0 

157.4 

895.8 

F 

5 

272 

576 

18.6 

112.0 

130.6 

904.6 

Average 


605 

1864 

35.9 

173.3 

209.2 

719.1 


Biomass, density and blade length measurements 
were obtained for T. hemprichii from six intertidal sites 
around West Island (Table 2). The samples (25 cm) were 
collected in March 2001. The estimated seagrass 
coverage in the sample plots ranged from 5% to 20%. 
An average biomass value of 209.2g DW nr 2 and an 
average density of 605 shoots m 2 was obtained. The 
values for T. hemprichii are low in comparison to other 
values from other locations, but are still within the 
general range (Table 3). 

The average mature blade length and width of T. 
hemprichii blades within the samples was 
4 cm x 0.3 cm (min. of 2.6 cm). The taxonomic 
description of T. hemprichii gives the blade length as 
10 to 40 cm (den Hartog 1970), hence those at Ashmore 
Reef are considered to be relatively stunted. Blade 
length was found to increase (6-10 cm x 0.4 cm) in 


slightly deeper water, or amongst corals and Halimeda 
sp. around West Island. 

In each case, biomass, density and blade length all 
indicated that seagrass was growing under stress. 
Brown (2001) identified three potential sources for 
this stress. The first source is a result of aerial 
exposure of the blades. This occurs twice a day, every 
day of the year, at Ashmore Reef (Glenn 2004). 
Exposure at Ashmore Reef means that the seagrass 
would be subjected to temperatures regularly above 
35°C and, during monsoon showers, low salinity water 
or freshwater. Stress through exposure is demonstrated 
by the change in blade length in seagrass patches 
around West Island. Seagrass patches are common on 
the eastern side of West Island and they form slight 
topographic highs (approx. 20 cm). The centre of the 
patches are the topographic highs and as a result are 


Table 3. Biomass and productivity of Thalassia hemprichii. 


Location 

Shoot 

density (per nv 2 ) 

Shoot growth 
(rates nun 
shoot - ' d ') 

Biomass 
(g dw nv 2 ) 

Standing crop 
(g dw nv 2 ) 

Productivity 
(g DW m 2 d ') 

Reference 

Philippines 

533 

12.7 


45.7 


Agawin el al. 2001 

Compilation of data 



296.8 

86.9 

3.7(Abg) 

0.5 (Big) 

Duarte et ah 1999 

South-east Asia 


16.0 




Terrados et al. 1999 

Lakshadweep, Arabian Sea 

150-1300 


149 

114.2 


Jagtap 1998 

Cape Bolinao, NW Philippines 

<500 

<14 




Agawin et al. 1996 

Bolinao, Philippines 

548±21 


327.5 

250.2 

4.3 (Abg) 

4.4 (Big) 

Vermaat et al. 1995 

South Sulawesi, Indonesia 

2380 ± 624 


800-1144 


0.33-2.98 

Erftemeijer and 
Herman 1994 

South Sulawesi (Indonesia) 


15.7± 2.1 


200 

1.5-1.9* 

Erftemeijer et ah 

1993 

Motupore Lolata, Papua New Guinea 

8.33 



<6** 

Brouns 1985 


* value in g Carbon nv 2 day 1 

** value in mg ADW shoot' 1 d' 1 

Abg = Above ground (blades & sheaths) 

Big = Below ground (rhizomes and roots) 

(Standing crop is equivalent to above ground biomass) 
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HT 


Coral affording protection. No/little seagrass 
Blades longer & wider growing in pools 

, --v<■- -' 


Thalassia hemprichii patch 
exposed at low tide 


0.5m 

\ 



Rhizomes and growth terminates when Larger blades amongst Halimeda sp. 

exposed in pool 

Fig. 3. Schematic x-section through a T. hemprichii bed at Ashmore Reef showing the effect of exposure and protective environments on 
blade length (from Brown 2001). 


exposed for the longest period over a tidal cycle. The 
centre of the patch has the shortest blades, supporting 
the notion of exposure causing stress. At the edge of 
the patches the blades are 1.0-1.5 cm greater in length 
then those at the centre of the patches (Fig. 3). 

Alternatively, it is speculated, from the above 
ground to below ground biomass ratios, that nutrients 
are a limiting factor for seagrass productivity at 
Ashmore Reef. The above ground to below ground 
biomass ratio at Ashmore Reef was 1:5 (Brown 2001). 
Other study sites have a ratio of 1:3 (Duarte et al. 
1999). Thalassia hemprichii has been reported to 
respond to nutrient deficiency by increasing biomass 
allocation to below ground biomass (Erftemeijer and 
Herman 1994; Agawin et at. 1996). The high biomass 
ratio of below ground biomass at Ashmore Reef may 
indicate that nutrients are deficient. 

A further explanation for the stress may be related 
to the strong tidal currents that flow across the reef. 
The volume of water which passes over the reef has 
been measured at 7.5 km 3 per tidal cycle (Glenn 2004). 
Zieman and Wetzel (1980) report that standing crop 
values are greatest where current velocities are low 
(1 knot, or 0.5 cm/sec). Hence the strong currents at 
Ashmore Reef may account for the low standing crop 
values found. Further evidence of stress produced by 
high current flow was demonstrated by the presence 


of significantly longer blades amongst coral heads, 
where some protection from the currents is provided. 

Additional information is required to identify the 
contribution of each of these potentially limiting 
factors and the effect they have on productivity. If all 
three of the limiting factors were occurring at the same 
time, the conditions for seagrass growth could be said 
to be extreme. Other studies also identify such extreme 
environments (Brouns 1985; Erftemeijjer and Herman 
1994) (Table 3). The fact that the seagrasses survive 
in these conditions may result in a higher limit of 
tolerance than previously identified. 

IMPORTANCE OF SEAGRASSES 
AT ASHMORE REEF 

Brown (2001) carried out initial examination of 
the importance of seagrasses for foraging, habitat, 
sediment production and sediment stability. The work 
was predominantly observational, although it provided 
a useful insight into the potential role of seagrasses 
at Ashmore Reef. 

Seagrass foraging for turtles and dugongs. 

Seagrasses are the main dietary component for some 
turtles and dugongs. Ashmore Reef has been 
recognised as a site of global significance for grazing 
turtles, with an estimated 10 000 green turtles 
(Chelonia mvdas). which feed predominantly on 
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seagrasses (Whiting and Guinea 2005b). Ashmore 
Reef also hosts a small population (10-60 individuals) 
of dugongs (Dugong dugon) (Whiting and Guinea 
2005). 

Dugongs are known to feed on all the seagrass 
species that have been found at Ashmore Reef. They 
prefer Halodule sp. and Halophilct sp. due to the high 
nitrogen and low fibre content (Erftemeijer et al. 

1993b). Neither species is abundant at Ashmore Reef. 
To establish whether the seagrass at Ashmore Reef 
can sustain the dugongs and turtles, it is critical to 
determine what seagrass species they are feeding on 
and the location of the grazing sites. 

As a first approximation it is suggested that the 
following values should be used. Dugongs ingest 20- 
25 kg wet weight day' 1 (or 4-5 kg dry weight day 1 ) 
(Lanyon et al. 1989; Erftemiejer et al. 1993b). 
Dugongs are known not to feed on the rhizomes of 
Thalassia (Erftemiejer et al. 1993b), hence using the 
average above ground biomass values (40g dw nr 2 ) 
obtained from sites of ^10% coverage (Table 2), an 
individual dugong needs to cover an area of 100 m 2 
per day. 

Turtles are reported to ingest an equivalent of 
0.24-2.2% of their body weight per day (Thayer and 
Engel 1982; Lanyon et al. 1989). An adult green turtle 
can weigh up to 200 kg; although most of the green 
turtles at Ashmore Reef are adolescent and have an 
average weight of ~50 kg (Whiting and Guinea 
2005b). Turtles only consume seagrass shoots, hence 
standing stock values are used. Using a consumption 
rate of 1.5% of the bodyweight of a 50 kg turtle, an 
individual turtle would need to consume 150 g DW 
d _l of seagrass, equivalent to an area of 3.75 nr. For 
10 000 turtles this means an area of 0.038 km 2 per 
day, therefore it would take approximately 590 days 
for turtles to graze the entire area of seagrass of 
Ashmore Reef. 

The figures given above indicate that seagrasses 
could sustain the known population of turtles and 
dugongs at Ashmore Reef. The figures, however, 
should be used with reservation, as further details of 
the productivity of seagrass and eating habits of both 
dugongs and turtles are needed. 

Habitat/nurseries and sediment providers. 
Seagrasses provide three habitat environments (Brown 
2001). Firstly, the root system provides a stable 
infaunal habitat. The sediment would be constantly 
mobile without the presence of the rhizomes or roots. 
Organic matter from decaying plant material, the 
uptake of nutrients via seagrass roots, heterotrophic 
nitrogen-fixing and sulphate reducing bacteria, and 
the release of oxygen via the roots, combine to 
produce a favourable environment for infaunal 
organisms. Polychaete fan-worms (undetermined 
species) and Callianassa shrimps have so far been 


observed at Ashmore Reef (Brown 2001). The 
presence of wading birds, which often feed amongst 
the seagrass beds at low tide, was indirect evidence 
of the importance of these infaunal organisms. 

The blade surface provides the second habitat. 
Algal epiphytes often make up a significant fraction 
of the total biomass of plants and are often grazed on 
by other organisms (Harlin 1980). Calcareous 
epiphytes have also been recognised for their 
importance as sediment contributors (Smith 1972; 
Walker and Woelkerling 1988; Brown et al. 1999; 
Brown et al. 2000). Figure 4 shows samples of the 
calcareous epiphytes found on seagrass and algae at 
Ashmore Reef. 

The third habitat is the environment in between 
the plants. The presence of seagrass has been 
documented to decrease current velocity and as a 
result provide some protection from the currents 
(Fonesca et al. 1982; Fonesca and Cahalan 1992). This 
effect may be restricted at Ashmore Reef due to the 
short nature of the blades although the presence of 
sea snakes, holothurians, fish, gastropods and bivalves 
suggests that some protection may still be afforded 
(Skewes et at. 1999; Brown 2001). 

Sediment stabilisers. Brown (2001) noted that the 
root systems of T. hemprichii, which penetrate to a 
depth of 25 cm (or to beachrock), helps to stabilise 
the sediment by two mechanisms. The horizontal 
rhizomes help stabilise the sediment by their presence, 
similar to tree roots. The vertical roots bind the 
sediment to the fibrous hairs on the roots. An average 
of 720 ± 200 gnv 2 of sediment was found attached to 
the roots of T. hemprichii (Table 2). 

The effects of binding and baffling are 
demonstrated by the presence of the raised profiles 
of the seagrass patches around West Island (Fig. 3). 
This sediment build-up has also been observed in T. 
testudinum beds (Koch 1999) and seems to be 
detrimental to the growth and spread of the 
T. hemprichii. The greater the aerial exposure, the 
greater stress the plants are under as previously 
discussed. Thalassia hemprichii predominantly 
spreads via the lateral or upward growth of the 
rhizomes. As the rhizomes grow to the patch edges 
they become exposed and growth is attenuated. 

Wave attenuation and the resultant decrease in 
current velocity are known to help reduce coastal 
erosion and reduce turbidity (Erftemeijer et al. 1993a). 
Reducing turbidity increases light attenuation, which 
is beneficial for the seagrass. Lower turbidity also 
reduces siltation in the surrounding areas, in this case 
corals, which aids their productivity (Erftemeijer et 
al. 1993a). The extent that this occurs may have been 
limited at Ashmore Reef due to the high current (lows 
and short blade length, but further work needs to be 
done to ascertain this. 
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b. Bacidogypsinoides spinosus 


a. Amphisorous hemprichii 


d. Hetemlepa cf. subhaidingeri 


c. Calcanna majori 


Fig. 4. SEMs of examples of calcareous epiphytic species found on seagrass at Ashmore Reef, (a-f Foraminifera, g, h Bryozoa) (from 
Brown 2001). 
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CONCLUSIONS 

Five seagrass species have been reported from 
Ashmore Reef, witli Thalassia hemprichii predominant. 
The total biomass, above ground, below ground 
biomass ratios, and blade lengths of the dominant 
species, T. hemprichii, indicate that the conditions for 
seagrass growth are not ideal. The main stresses are 
suggested to be high exposure times, nutrient deficiency 
and high current velocity. Preliminary evaluation of the 
feeding requirements of dugongs and turtles foraging 
on T. hemprichii show that the seagrass resources at 
Ashmore Reef are adequate to sustain the populations 
there. The presence of seagrasses is also significant as 
a habitat provider and sediment stabiliser at Ashmore 
Reef. 
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ABSTRACT 

The dominant shrub species on Ashmore Reef islands is Argusia argentea ; this shrub typically grows as a shoreline 
fringing species and is highly adapted to the environmental conditions experienced in this habitat. From the available 
literature it appears there has been little research conducted on Argusia argentea despite its apparent importance to 
the ecology and stability of Ashmore Reef and islands throughout the Pacific and Indian Oceans. This research is 
focused on understanding the ecological and environmental processes that affect Argusia recruitment on Ashmore 
Reef. On Ashmore's islands, Argusia maintains an extensive seed bank (hat has a low ability to germinate, with 
seedling recruitment also restricted by the environment. Seedling recruitment on West Island is minimal, though 
asexual propagation is common in the inland regions of the island. No seedling recruitment is apparent on the other 
islands. The primary factor in the successful propagation of Argusia from seed for re-establishment projects is the age 
of the fruit; this has not previously been shown to be important in the germination of Argusia. Trials conducted using 
potted seedlings on West Island show that restoration of Argusia populations is possible, and to date this is the only 
successful method available for re-establishment of Argusia on Ashmore. Direct seeding trials are still needed to test 
the recently acquired information on seed age. If implemented the knowledge gained through this research may prove 
sufficient to achieve successful revegetation on Ashmore’s islands. 

Keywords: Argusia argentea, Ashmore Reef, seedling recruitment, seedbank, revegetation, nesting turtles, seeds, sea 
birds, seedling establishment. 


INTRODUCTION 

Ashmore Reef is a remote area located in the Indian 
Ocean 850 kilometres west of Darwin and 
approximately 200 kilometres south of Roti Island, 
Indonesia. Ashmore Reef contains three terrestrial 
islands; Middle, East and West Islands. The vegetation 
on the islands clearly shows its reliance on ocean 
dispersal of seeds, and to a lesser extent wind dispersal 
mechanisms. Due to Ashmore's oceanic location, year 
round currents carry moderate quantities of flotsam 
which contains many different propagules that are 
deposited on to the beaches (Pike and Leach 1997). 
While not all species washing ashore are able to 
establish in the harsh environment of the islands, those 
woody species that have survived and established 
make use of the ocean to disperse their seeds. 

The interior of all three islands consists of 
grassland and herb fields (Pike and Leach 1997), 
dominated by annual species which are mostly 
dispersed by the wind. West Island, the largest and 
most heavily vegetated of Ashmore’s three islands, is 
predominantly fringed by the woody shrub Argusia 
argentea, a species that rarely grows more than 15 m 
from the high-water line on the island (Fig. 1). In 
recent history, humans have impacted on the islands 


with the deliberate or inadvertent introduction of 
several new plant species (possible weeds) (Pike and 
Leach 1997), the effects of which are yet to be fully 
determined. 

Approximately 36 plant species, including four 
introduced species, have been recorded in the Reserve, 
and of these nine are common to all three islands. The 
majority of plants recorded for Ashmore are found 
elsewhere on tropical shorelines of the Indo-Pacific 
Region (ANPWS 1989). 

In recent years there has been considerable concern 
regarding the limited Argusia seedling recruitment 
occurring on Ashmore’s islands (Pike 1999). At this 
time it is not clear whether this limited recruitment of 
Argusia seedlings is a natural phenomenon, or the 
result of people changing the use and management of 
the islands and surrounding regions. In view of this 
concern, and the relatively few studies that have 
investigated Argusia argentea , this research is focused 
on identifying the ecological and environmental 
processes that most impact on growth and recruitment 
of Argusia on Ashmore Reef. Of equal importance, 
this study also aims at determining the most effective 
methods of propagation, including the effects of seed 
maturity and the most successful methods of seedling 
re-establishment on Ashmore’s islands. 
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Fig. 1. Fringing Argusia shrubs and inland vegetation consisting 
predominantly of grasses and herbs in the interior of West Island. 
Ashmore Reef. 


Due to the extreme physical environment that newly 
establishing Argusia seedlings must tolerate, natural 
seedling recruitment is never likely to be high. 
Fortunately Argusia shrubs are capable of asexual 
reproduction via simple layering (pers. obs. November 
1999), which helps to ensure continued recruitment. 

Argusia argentea is commonly referred to as 
‘Argusia ’ or the ‘octopus bush’, due to its fruiting 
characteristic where the flowers and fruits are spread 
along the flowering stem which curls back to resemble 
the tentacles of an octopus (Fig. 7). 

Argusia is well adapted to withstanding salt-laden 
winds and its close proximity to the shoreline aids the 
dispersal of fruits by the ocean currents (George 1981; 
Fleatwole et al. 7981; Levitt 1981). The corky mesocarp 
of Argusia fruits allows them to float for long periods 
over great distances with no significant loss of 
germination capacity (Lesko and Walker 1969). Despite 
the ocean dispersal of fruits by this species, seedling 
recruitment is low, with most seedlings succumbing to 
salt water inundation, desiccation and other 
environmental impacts (Pike and Leach 1997). 

There is no mention of seed age in the available 
literature for Argusia. The only previous information 
available on seed collection comes from the Department 
of the Environment and Heritage’s Christmas Island 
rainforest rehabilitation nursery. This suggested that 
Argusia fruit should be collected soon after changing 
from green to brown, but it is also possible to collect it 
during the colour change stage. Fruit remaining on the 
trees for too long should not be collected, as often the 
seed has already been released (R. Hart pers. comm.). 
The release of seeds has not been observed in older 
fruit collected on Ashmore Reef (pers. obs. 1999). On 
Ashmore, flowers and fruit can be found at all times of 
the year, with a peak in December-January when heavy 
rains are expected (Pike and Leach 1997). 

West Island is the largest of three sand islands in the 
Ashmore Reef group and was the principal study site 
for this research. Argusia is the dominant shrub on West 



Fig. 2. Argusia shrubs fringing the high-water line on West Island, 
Ashmore Reef. 


Island mostly occurring as a peripheral line of vegetation 
(Fig. 2). Argusia shrubs provide significant stability to 
the foredune regions of the island, deep litter habitat for 
invertebrates, shelter and nest sites for numerous bird 
species (Figs 3 and 4), and food for insects which in 
turn provide food for insectivorous birds. 

On West Island, Argusia is used by several bird 
species for roosting and nesting; fortunately this 



Fig. 3. Red-Tailed Tropic Bird nesting beneath an Argusia bush on 
West Island. Ashmore Reef (November 1999). 



Fig. 4. Lesser Frigate Bird nesting in an Aigusia shrub on Middle 
Island. 
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presents few problems apart from the occasional 
removal and trampling of seedlings (pers. obs. 
November 1999). This type of damage is seen as a more 
serious threat to seedling re-establishment on the other 
islands as many seabirds have a habit of removing all 
vegetative material from around their nest site while 
breeding (S. Tester pers. comm.). The distribution of 
bird species on West Island is in part determined by the 
spatial arrangement of Argusia shrubs. On Middle 
Island and previously East Island the sheer weight of 
sea bird numbers perching or attempting to nest on the 
few remaining shrubs, along with the resulting large 
deposits of phosphate-rich droppings, have been 
sufficient to eliminate smaller Argusia plants (Pike and 
Leach 1997). 

Marine turtles nest on all three islands of Ashmore 
with most activity occurring on West Island (S. Whiting 
pers. comm.). Turtles have an important ecological 
impact on the Argusia of Ashmore, as they prefer the 
conditions created beneath the canopy for their nesting 
pits (Fig. 5). The sand beneath Argusia shrubs is 
generally higher in moisture, cooler, and there is less 
chance of cave-in during excavation (S. Whiting pers. 
comm.). The digging of the nesting cavity can be 
destructive to the Argusia as low branches are broken, 
roots exposed, and in some cases the entire plant is 
destroyed (Heatwole el al. 1981). 

Although turtles are quite destructive in their nesting 
activities on Ashmore (Pike and Leach 1997). they may 
inadvertently aid in the redistribution of Argusia seed 
from the seed bank below the shrubs. The seed banks 
of Ashmore Reef would otherwise remain undisturbed 
unless a major environmental event, such as a washover 
or cyclone occurred. Turtles may also aid Argusia 
recruitment by covering lower branches with sand 
during nesting (Rogers 1989), which may result in 
simple layering and future asexual recruitment. 

In light of the observed decline in the Argusia 
population size on Ashmore Reef, the results of this 
study may in the future be used to augment naturally 
occurring populations. 



Fig. 5. Green turtle coming ashore on West Island to lay eggs in 
the cool moist sand beneath the Argusia shrubs (November 1999). 


METHODS 

To source the additional background information 
necessary to carry out this study, two field trips were 
made to Ashmore Reef. These trips allowed the 
recording of observations, conducting of trials and the 
collection of propagation materials. Experiments and 
germination trials were also conducted at Charles 
Darwin University in Darwin. 

All statistical analyses used in this study were 
performed with Statistica Edition 99 Software. 

Determining the extent of seed bank on West 
Island. Four sites were selected on Ashmore Reef’s 
West Island in May 2000, to measure the typical size 
of the soil seed bank. The sites used were north, south, 
east and west of a central fresh water well 
(12°14'530"S, 122°58'056"E) on the island. Each site 
measured 100 m along the shore and extended 15 m 
inland from the high-water line. Sampling was 
conducted over a three day period. The north site had a 
single line of Argusia fringing the shoreline which 
extended approximately 6 m inland (Fig. 2). Turtle 
nesting activity in this region was low. The south site 
was exposed to strong prevailing winds (south-east) 
and high turtle nesting disturbance. The Argusia at this 
site extended approximately 30 m inland. The east site 
was prone to strong wind and salt damage, resulting in 
obvious moisture stress late in the dry season. Turtle 
nesting activity was high at this site. The Argusia at 
this site, though sparse in distribution (3-4 m apart), 
extended approximately 20 m inland. A band of Argusia 
approximately three plants wide, and extending 
approximately 15 m inland from high water, occurred 
at the west site. The shrubs here were wind affected 
and experienced high turtle nesting disturbance. 

At each site, three Argusia shrubs were randomly 
selected for seed bank assessment. For each shrub a 
transect was established running inland from the high 
water mark to a point 2 m beyond the shrub. Samples 
were collected at six points along the transect; the 
high-water line, the landward and seaward margins 
of the canopy, I m landward and I m seaward of the 
main trunk, and 2 m inland from the canopy fringe 
(Fig. 6). At each distance, three samples were 
randomly collected within the area defined by the 
width of the canopy. Each sample consisted of a 0.25 
nr area that was excavated to a depth of 100 mm. The 
sand was removed and sieved through 3 mm mesh. 
All seeds retained in the sieve were removed and 
counted. This sampling method produced 18 samples 
per shrub and 54 samples per site. 

Seed age study. This study was conducted to 
determine whether germination rates varied with seed 
age, and to assess at what stage Argusia fruit is at its 
optimum viability for harvest so as to maximise seed 
germination rates. 
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Fig. 6. Seed bank sampling design used on West Island, Ashmore 
Reef (diagram not to scale). 


During the May 2000 field trip, Argusia fruits were 
collected randomly from West Island. In addition to 
picking the well-matured brown fruits, some mature 
sized, but mostly yellow fruits, were also collected (Fig. 
7). 

The two samples of fruit collected were cleaned to 
remove unwanted trash and placed into calico bags for 
return to Darwin. The aim of this trial was to maximize 
germination rates, not replicate natural conditions, 
hence the seeds were sown under nursery conditions 
in Darwin. Four replicates of 100 fruits of each sample 
were sown into 125 mm plastic pots containing standard 
sand-peat (2:1) potting media. The fruits were lightly 
covered with potting media to a depth of approximately 
5 mm and hand watered. The pots were placed in 
random order on raised benches in a 30% light 
transmission shadehouse and watered overhead twice 
daily for 10 minutes. The number of seedlings emerging 
from each replicate was recorded until no further 



Fig. 7. Cluster of young but mature Argusia fruit as used in seed 
age study. 


seedling emergence had occurred for three consecutive 
weeks. 

Seedling recruitment on West Island, Ashmore 
Reef. For the purpose of recording recent seedling 
recruitment, the island was divided into four sectors - 
north, south, east and west from the fresh water well in 
the centre of the Island. Each sector extended for 
approximately a quarter of the circumference of the 
island (approximately 500 m each) and up to 30 m inland 
from the high-water line (the preferred habitat of this 
species). To allow the collection of additional 
information on the distribution of seedlings, each sector 
was further subdivided into two adjacent zones. The first 
zone extended from the high-water line to a point 15 m 
inland, the second adjacent zone covered the region from 
the 15 m above the high water line to 30 m inland. 

In each sector, and in both zones, all seedlings less 
than one metre in height were recorded. The seedling 
recruitment surveys were conducted in mid-November 
1999 (end of the dry season), during the initial field 
trip, and again in mid-May 2000 (end of the wet season) 
during the second field trip. 

Seedling establishment trial on West Island, 
Ashmore Reef. This trial aimed to assess the feasibility 
of establishing pot grown seedlings back on to West 
Island to improve recruitment. Four sites were selected 
on West Island (Table I). The sites chosen were mostly 
free of competing vines (Ipomoea spp.) and the threat 
of damage from nesting turtles. 

The seedlings planted in the field for this trial were 
grown in Darwin under shadehouse conditions from 
seed collected on Ashmore in December 1998 by Parks 
Australia North Staff. The seeds were sown in January 
and February 1999. When the resulting seedlings 
reached a height of approximately 20 mm, they were 
potted into 70 mm tubes and fed with slow release 
fertiliser (Nursery-cote at the manufacturer’s 


Table I. Location of seedlings planted onto West Island as part of 
the seedling establishment trials in November 1999. 


Establishment 

site 

GPS reading 

Location details of each site 
from the water well in 
the centre of the island 

North Site 

12°14'430"S, 

122°58’057"E. 

True north from central water 
well to shore line, then east 
along high-water line for 16 m 

South Site 

12°14’657"S, 

122°58'040"E. 

True south from central water 
well to shore line, then east 
along high-water line for 11 m 

East Site 

12°I4’547"S, 

I22°58’158"E. 

True east from central water 
well to shore line, then south 
along high-water line for 100 m 

West Site 

12°14’539"S, 

122 n 57’791"E. 

True west from central water 
well to shore line, then north 
along high-water line for 17 m 


156 





















Reproductive ecology and re-establishment of Argusia argentea on Ashmore Reef 


recommended rate for seedlings). In September 1999, 
the 60 most robust seedlings (average height 80 mm) 
were selected for the replanting trial on West Island. 
Prior to leaving Darwin, the plants were acclimatised 
in full sun and the watering was reduced to limit 
dependency on artificial irrigation. To avoid the risk 
of carrying pathogens to Ashmore Reef, all seedlings 
were grown in soil-less media, sprayed with pyrethrum 
insecticide, and inspected for pests and diseases prior 
to leaving Darwin. The seedlings were transported in 
plastic nursery trays each containing 20 tubes. During 
the 48 hour voyage to Ashmore Reef, the seedlings 
were placed under benches on the rear deck of the 
vessel to avoid damage. Unfortunately, this meant the 
seedlings were heavily shaded for this period resulting 
in many seedlings developing yellow leaves which 
later dropped. Apart from this partial defoliation, the 
seedlings arrived at Ashmore in good condition, where 
they were transferred to the Department of the 
Environment and Heritage’s contract vessel (Aralia 
IV) and placed in a full sunny position for the next 
six days. During this time the seedlings were hand 
watered once each day. After the six days the seedlings 
had recovered sufficiently to be planted on to the 
island. 

At each site on the island 15 seedlings were planted 
one metre apart, in three rows of five plants. The rows 
were adjacent to each other, 2 m apart running parallel 
to the shoreline. All seedlings were planted within 15 
m of the high-water line as this is where most Argusia 
naturally occurs, and also the zone most in need of 
restoration and recruitment. All the seedlings were 
planted on 14 November 1999, and at planting 
received slow release fertiliser (Nursery-cote) and 
water gel (Rain-saver) at the manufacturer’s 
recommended rate (one teaspoon of each substance 
per seedling). 

The health and height of each seedling was 
recorded at planting. Conditions at the time of planting 
were very hot and dry and there had been no recent 
rainfall prior to planting. The seedlings required 
watering by hand at planting, then each day thereafter 
(two litres each) for 6 days. Environment Australia 
staff carried out one more watering several weeks after 
the sixth day. Unfortunately, there was a three week 
interval between planting and any significant rainfall 
on the island. At the time of our departure, 56 
seedlings of the 60 planted were alive (some minor 
problems were experienced with inquisitive birds 
breaking seedlings off). During the May 2000 field 
trip to Ashmore, the surviving seedlings were located 
at the four planting sites, and their height and health 
rating (poor, average or good) recorded. 


RESULTS 

Determining extent of seed bank on West Island, 
Ashmore Reef. A substantial seed bank was found at 
all sampling sites on West Island. In 1999 the size of 
the seed bank varied significantly between sites (Table 
2), ranging from 117 seeds per nf at the north and west 
sites to ~39 seeds per m 2 at the east and south sites 
(Fig. 8). 

In 2000, only two sites were sampled and the size 
of the seed bank varied from 275 seeds per m 2 at the 
north-west site (not previously sampled) to 29 seeds 
per m 2 at the east site. The north-west site seed bank 
was significantly larger (Table 2) than all other samples 
and shrubs at this site had a mean height of 4.8 m 
compared to 2.93 m for shrubs sampled in other sample 
areas in 1999. The east site seed bank (the only site 
sampled in both years) represented a mean reduction 
of 10 seeds per m 2 on the 1999 samples. The data, for 
all sites in 1999 and 2000, showed that there is no 
significant difference in the seed bank size between 
years. The samples collected in November 1999 from 
West Island had a mean of 79 seeds per m 2 for all sites, 
while the May 2000 samples had a mean of 152 seeds 
per m 2 for two sites. A lack of consistent data for both 
years makes accurate analysis difficult. The seed 
numbers however, on and below the shrubs during both 
field trips, suggest there is a larger seed bank available 
during the late wet season (May) than in the late dry 
season (November). 



fig. 8. The mean seed banks (no. of seeds /nv) at four sites on 
West Island in 1999. Different letters (a, b) above error bars denote 
significantly different means (P<0.001). Error bars are ± 1 SE. 


Table 2. Summary of ANOVA for seed bank samples collected on 
West Island in sites and zones and any interaction between them. 



df 

Effect 

MS 

Effect 

df 

Error 

MS 

Error 

F 

p-level 

Site (s) 

3 

1295.5 

192 

19516.17 

5.1903 

< 0.001 

Zone (z) 

5 

2207.3 

15 

28154.82 

2.9198 

< 0.05 

S x Z 

15 

8154.8 

192 

19516.17 

1.4426 

ns 
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There is a significant difference in the size of the 
seed bank between sampling zones at all sites (P < 
0.05; Table 2) with the vast majority of seeds being 
found beneath the canopy of the shrubs suggesting 
there is limited dispersal of seeds away from the parent 
shrub. Despite the lack of seed dispersal, the outlying 
zones had means of 8-41 seeds per m 2 . The largest 
seed bank occurred beneath the canopy 1 m landward 
of the trunk, with 130 seeds per m 2 . There is no 
significant interaction between sites and zones 
(Table 2). 

Viability testing of the seed bank collected in 1999 
and 2000 showed that ability to germinate was very 
low and there were insufficient data lor analysis. 
Although the high-water line zone had the smallest 
seed bank (Fig. 9), the seed collected for this region 
was more likely to germinate (< 0.2 % ability to 
germinate) than in other zones. Mean ability to 
germinate in all other zones was — 0.05 %. 

Seed age trial. The younger yellow Argusia fruits 
were significantly more likely to germinate (Table 3) 
than the older brown fruit (52 % compared to 30 %; P 
< 0.01; Fig. 10). The germinability of this younger 
yellow seed was the highest of all germination trials 
conducted during the research. 


Table 3. Summary of I way ANOVA for seed age trial comparing 
younger yellow and older brown Argusia fruits from West Island, 
Ashmore Reef. 


df 

Effect 

MS 

Effect 

df 

Error 

MS 

Error 

F 

p-level 

Seed Age 1 

1012.50 

6 

27.166 

37.269 

< 0.001 


Seedling recruitment on West Island. Seedling 
recruitment on West Island was concentrated in the 
region 0-15 m above the high-water line (Fig. II), 
with most seedlings establishing in areas which had 
previously been disturbed by natural agents such as 
nesting turtles or wave action. Few seedlings and no 
natural disturbance were observed in the zone 15-30 
m inland of the high-water line. There was a 
significant difference between the number of seedlings 
recorded for the 0-15 m zone and the 15-30 m zone 
for both years (Table 4) (P < 0.001). 

Table 4. Summary of ANOVA for seedling recruitment on West 
Island. Data were analysed for seedling recruitment occurring 
within two zones on West Island over two years. Interaction between 
zones and years was also analysed. 


df 

Effect 

MS 

Effect 

df 

Error 

MS 

Error 

F 

p-level 

Year (Y) 1 

0.1300 

12 

0.2154 

0.6037 

ns 

Zone(Z) 1 

8.3793 

12 

0.2154 

38.898 

< 0.001 

Y x Z 1 

2.5433 

12 

0.2154 

11.807 

< 0.01 



Fig. 9. Comparison of seed bank densities found within sampling 
zones on West Island in 1999. The area between the arrows denotes 
the canopy area. Different letters (a, b) above error bars denote 
significantly different means (P < 0.05) according to the Tukey’s 
test. Error bars are ± 1 SE. 



Fig. 10. The mean germinability of younger yellow fruits and older 
brown fruits of Argusia collected on West Island, May 2000 (P < 
0.001). Error bars are ± 1 SE. 


There was no significant difference between the 
number of seedlings recorded for the 15-30 m zone 
in 1999 (5 seedlings / site), and in 2000 (0.5 seedlings 
/site). The mean recruitment recorded for the 0-15 m 
zone in 1999 was 35 seedlings per site, whereas in 
2000 it was 550 seedlings per site. The number of 
seedlings per site in the 0-15 m zone in 2000 was 
significantly higher than the 15-30 m zone in 2000, 
and significantly different to both zones in the 
previous year. The interaction occurring between years 
and zones was also highly significant (P < 0.01; 
Tukey’s HSD test; 15-30 m zone 2000 = 15-30 m 
zone 1999 <0-15 m zone 1999 < 0-15 m zone 2000; 
Table 4). 

Seedling establishment trial on West Island, 
Ashmore Reef. The seedling establishment trial 
commenced on 14 November 1999, but with no 
sustained rainfall on the island until approximately 
22 days later, some hand watering of the seedlings 
was undertaken after planting. 
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In May 2000, the remaining seedlings were located 
at all sites and their heights recorded. A total of 21 
seedlings survived after the seven month period with 
the north site recording the highest rate of survival 
(53 %), and the east site the lowest (20 %) (Fig. 12). 
The north and east regions also recorded the highest 


and lowest increase in mean height for seedlings since 
planting (Fig. 13). 

The seedlings that had been planted closest to the 
high-water line (within 5 m) produced the most growth, 
but also had the lowest survival rate of the three 
planting zones (Fig. 14). 



YEAR: 1909 (Nov) YEAR: 2000 (May) 

SAMPLE ZONES 

Fig. 11. The mean number of Argusia seedlings in sampling zones 
on West Island during November 1999 and May 2000. Recruitment 
was recorded from the high-water line to 15 m inland and from 
15 m inland to 30 m inland from the high-water line (P < 0.001). 
Error bars are ± 1 SE. 



ESTABLISHMENT SITES 

Fig. 12. Percentage survival of Argusia seedlings at four sites on 
West Island 7 months after planting (May 2000). 


400 
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SEEDLING ESTABLISHMENT SITES 


Fig. 13. The mean percentage increase in height of seedlings 
between November 1999 and May 2000 (7 months) at four sites 
on West Island. Error bars are ± 1 SE. 


DISCUSSION 

Many environmental and ecological processes 
potentially affect the recruitment of Argusia argentea 
on Ashmore Reef. The most important of these could 
be: high temperatures, strong drying winds, highly 



Fig. 14. Two of the successful seedlings planted onto West Island 
as part of the seedling establishment trial in November 1999 (May 
2000 ). 

seasonal rainfall, and destruction and disturbance 
caused by birds and nesting turtles (Pike and Leach 
1997). Other effects such as salt, insects and competing 
vegetation must also be considered. Despite these 
factors, natural regeneration of Argusia is occurring 
on West Island. In the foreshore region of the island, 
regeneration is via seedling establishment, whereas in 
the inland regions, asexual recruitment via simple 
layering (the formation of adventitious roots on a 
branch, which may in time become independent of the 
parent shrub) accounts for most recruitment. 
Recruitment on Ashmore Reef could not be quantified 
in the time frame of this study, though the results 
suggest recruitment is very low on West Island, none 
is occurring on East Island, and it is limited to asexual 
recruitment on Middle Island. 

The Argusia seed bank on West Island was found to 
be extensive, but with low ability to germinate. In 
general the size of a seed bank is determined by many 
factors, such as the size of the nearby seed-producing 
shrubs, environmental pressures, and whether fruits are 
retained on the shrub after maturity (aerial seed banks), 
and/or in soil seed banks (Baskin and Baskin 1998). 
Aerial seed banks are characteristic of mature Argusia 
shrubs, and on Ashmore’s islands most Argusia retain 
some fruit for 6-12 months of the year (pers. obs.. 
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November 1999, May 2000). The periodic seedfall from 
aerial seed banks is an important input of viable seed 
to the soil seed bank, however despite this input, soil 
seed bank ability to germinate was shown to be very 
low (< 2 %). Plants retaining aerial seed banks often 
have soil seed banks of low viability, with only the seed 
that becomes covered with substrate retaining viability 
for extended periods (Edwards and Whelan 1995). 
Studies suggest that long-term seed viability is often 
unnecessary if there is annual seed input (Leek and 
Brock 2000). This may be the case for Argusia (e.g. 
that viable seed is stored in the canopy rather than in 
the soil). 

Argusia fruit is well adapted for dispersal by ocean 
currents (Pike and Leach I997;Gakkai 1988; Heatwole 
et al. 1981; Lesko and Walker 1969) with the corky 
mesocarp surrounding the seeds allowing effective 
dispersal over great distances, without loss of viability 
(George 1981). Despite this characteristic being very 
effective for ocean dispersal, in this study the majority 
of fruits were found beneath the parent shrubs. Only 
during extremes of weather, such as cyclones, are 
shrubs beyond those fringing the high-water line able 
to disperse their fruits into the ocean. The limited 
number of small seeds dispersed away from the parent 
plant may be the result of seeds being trapped by the 
coarse particle substrates (commonly found on islands) 
and the seed being incorporated into the seed bank 
(Baskin and Baskin 1998). There was substantial 
variation in substrate texture, both between and within 
sites on West Island, with the coral and shell substrate 
becoming progressively finer from the shoreline to 
inland. 

The survey of seedling recruitment showed that most 
seedlings occurred in the near-shore region, whereas 
regeneration of the inland zone is mainly through 
asexual reproduction. Further study is needed to fully 
understand the dispersal patterns of Argusia seedlings 
on Ashmore’s islands. 

On West Island the seed bank samples collected 
along the high-water line were exposed to saltwater, 
which was not the case for the samples collected 
beneath shrubs. The seed collected from along the 
shoreline were possibly deposited there by wave action 
and not as a result of seed rain from nearby shrubs. 
The seed bank germination results suggested that seeds 
from the high-water line that had most likely received 
a saltwater soaking treatment had higher rates of 
germination than those that did not. 

Tests for ability to germinate in Argusia seed 
collected in November 1999 showed that the ability to 
germinate was variable but low, which was consistent 
with previous studies that showed less than 12 % ability 
to germinate (Heatwole et al. 1981; Lesko and Walker 
1969). The seed age trial showed the primary 
consideration in the germination of Argusia is the age 


and freshness of the seed used. The ability to germinate 
recorded for the younger yellow fruits was the highest 
of all trials conducted during the study. 

Personal observations of Argusia fruiting patterns 
showed the collection of the yellow fruits would most 
likely be restricted to the peak fruiting months 
(December - May). During seed harvest, care would 
need to be taken to avoid immature fruits, as these are 
unlikely to germinate (Baskin and Baskin 1998). A 
factor that must be considered when collecting fruits 
of different ages is that they may require different 
treatments to achieve similar germination rates (Beadle 
1952). The germination requirements of the older 
(brown) fruits used in the study were possibly not met, 
meaning many of the seeds remained in a dormant state 
(McIntyre and Hsiao 1985). The optimum age for the 
collection of Argusia fruit is not discussed in the 
available literature, though as mentioned, it is evident 
that using the younger yellow fruit will give much 
higher germination (> 50 %). This is a vast 
improvement on the < 12 % previously accepted as 
normal for Argusia fruits (Lesko and Walker 1969). 
Under natural conditions, the seeds that mostly 
germinate on the islands are the older brown seeds, not 
the younger yellow seeds, which rarely fall from the 
shrub until they are fully brown. Because of this 
characteristic, and given the environmental pressures 
(i.e. long dry season, bird pressure, or turtles), only 
low ability to germinate would be expected of Argusia 
on Ashmore’s islands. 

The presence and density of a seedling population 
is dependent not only on the amount of seeds available 
for regeneration but also the number of available ‘safe 
sites' for the establishment of seedlings (Harper 1982). 
The number of ‘safe sites' determines the magnitude 
of future plant recruitment and hence population 
abundance (Maron and Gardner 2000). Determining 
what constitutes a ‘sale site’ for Argusia on Ashmore 
Reef is difficult, considering the unpredictable nature 
of the environment and the many threats to seedling 
recruitment, i.e. wind, birds, desiccation, storms, 
saltwater inundation, and nesting turtles. Despite the 
lack of truly ‘safe sites’ on Ashmore many seedlings 
do attempt to establish when there are suitable 
conditions. 

It has been reported (D. Pike pers. comm.), and 
observed during the field trip in May 2000, that during 
the mid- to late-wet season on West Island large 
numbers of Argusia seeds germinate a short distance 
above the high water line, and in nearby areas which 
have been disturbed by storms or nesting turtles. This 
observation was reflected in the data collected on 
seedling abundance in May 2000 (end ot the wet 
season), where a mean of 550 seedlings was recorded 
in the shore line zone, compared with 35 seedlings in 
the same zone in November 1999 (dry season). This 
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finding suggests that the majority of Argusia seedlings 
do not survive their first dry season (> 93 % mortality). 
Survivorship curves for most perennials show greater 
than 80 % mortality in the first year (Fenner 1985). In 
unpredictable or extreme environments, germination 
represents a high-risk event as, for example, rainfall 
may be sufficient to allow germination but insufficient 
for seedling establishment (Letnic et al. 2000). 

Surveys of seedling distribution and abundance on 
West Island showed that the majority of seedlings occur 
within 15 m of the high water line. This region supports 
the majority of mature Argusia shrubs and is exposed, 
or subjected, to most natural disturbance, suggesting 
that this may assist Argusia germination. Disturbance 
in plant communities may aid in producing microsites 
that function to maintain or increase recruitment 
(Dhillion 1999; Milbcrg 1993). The inland region of 
West Island is rarely subjected to soil disturbance 
caused by wave action (cyclones, island wash-overs) 
or nesting turtles and this may have resulted in low 
seedling recruitment. The Argusia in the inland region 
contend with lower soil moisture and greater 
competition from other plant species which reduces the 
available moisture and gap size (light levels) preventing 
seedling establishment (Morgan 1998). On West Island 
nesting turtles and wave action at the shoreline create 
most gaps. 

Despite natural recruitment occurring via seedlings 
and simple layering, there remain areas on West Island 
that are unlikely to be revegetated by this process due 
to their exposed position, and the current low levels of 
recruitment. Seedling recruitment, as shown in the trial 
reported here, is insufficient to revegetate areas eroded 
by waves or wind and these areas represent a threat to 
island stability. On Middle and East Islands, broadscale 
revegetation appears necessary to establish fringing 
vegetation and reduce bird pressure on existing 
vegetation. The historical records for the Ashmore Reef 
area fail to detail whether fringing vegetation ever 
occurred on these islands, but judging by the current 
vegetation structure on West Island it may be possible 
this was once the case. Fringing vegetation offers the 
best chance of maintaining future stability on these 
islands. Until 1998, the only option seen as practical 
to revegetate Ashmore was the use of seed (D. Pike 
pers. comm.). 

With the knowledge gained in this project it is now 
possible to germinate seeds reliably and in sufficient 
numbers for any revegetation project. This means the 
production of potted seedlings for replanting programs 
is likely to be a cost effective and an efficient method 
of improving recruitment on Ashmore’s islands. The 
results of this study show that using potted seedlings 
compares favourably to the alternative of seed 
establishment which is yet to be successfully conducted. 
Some early problems were encountered in the seedling 


establishment trial with the loss of many seedlings due 
to lack of water and some bird damage, though these 
problems could be avoided in future plantings by: 

1) planting seedlings only after wet season rains 
have commenced; 

2) acclimatising seedlings thoroughly prior to 
planting; and 

3) using pots (tubes) that allow a deeper root system 
to develop and establish the seedling quickly. 

Determining the requirements for seedling re¬ 
establishment projects presents a major challenge to 
ecologists. Without sufficient knowledge such projects, 
and their implicit role as a conservation tool, are likely 
to be problematic (Morgan 1998) and may result in 
project failure. Considering the lessons learnt and the 
successful seedling planting trial, it is hoped the 
managers of Ashmore will heed the advice and carry 
out the required revegetation works. 

For revegetation to be successful, seedlings need to 
be planted into an environment with conditions that 
enable survival (Campbell 1990). Ashmore is unlikely 
to provide all these requirements, all the time, for all 
seedlings, so losses are likely to be relatively high 
particularly on Middle and East Islands. Revegetation 
needs to be a priority for these islands, but success will 
depend on the planting time (preferably during moist 
weather conditions and not while birds are breeding), 
planting methods and the number of seedlings planted. 
Planting all the shrubs needed for restoration of large 
areas is rarely possible, but large numbers of seedlings 
will accelerate re-establishment (Toh et al. 1999). On 
Middle and East Islands, the destructive effect of birds 
may be reduced through extensive planting which may 
translate into higher survival rates of established 
seedlings. For the future of the islands it is important 
to increase, or at least maintain, the number of shrubs 
on these islands, as there is a high demand from birds 
requiring shelter, roosting and nesting sites. Survey 
results for Middle Island suggested that there has been 
a gradual decline in shrub numbers with little or no 
recruitment occurring there. 

The vegetation composition of isolated tropical 
islands is mostly determined by two main factors, 
exposure to wind and the presence of animals (Leigh 
et al, 1993). This is clearly shown in the different 
vegetation densities occurring on West Island (high 
cover, few birds) and Middle and East Islands (sparse 
cover, numerous birds). The sheer weight of the birds 
nesting and roosting on branches is sufficient to cause 
physical damage to Argusia. Many seedlings are 
removed during nesting and the deposition of large 
quantities of phosphate-rich bird droppings can 
eliminate non-adapted or weakened shrubs (Pike and 
Leach 1997). 

Middle and East Islands could support much larger 
populations of Argusia and other woody shrubs, without 
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impacting on ground nesting bird populations. A larger 
Argnsia population would alleviate some of the pressure 
on existing shrubs and may encourage more nesting 
turtles to these islands. 

The successful re-establishment of Argusia on East 
Island and Middle Islands should be seen as a priority 
if present populations of above ground nesting seabirds 
are to be maintained and the erosion caused by wind 
and wave action reduced. 

Ashmore’s islands all suffer from varying degrees 
of upper foreshore erosion, or potential erosion, and 
these areas should be the focus of future intensive 
revegetation programs. Failure to develop revegetation 
programs for Ashmore’s islands in the near future may 
see further deterioration of this already fragile habitat. 
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ABSTRACT 

We surveyed the fishery resources of the shallow reefs (0-15 m deep) and shoals (15-50 m deep) in a 60 000 km 2 area 
off the Australian north-western coast during September and October 1998. The study area contained seven shallow 
reef systems, including Ashmore and Scott Reefs, totaling 560 km’, and 1226 knf of shoals. On the shallow reefs, 
marine resources were quantified using diver transect surveys, whereas on the shoals, we used video camera transects. 
We produced stock size estimates of the marine resources of the shallow reefs and shoals, including commercial 
holothurians and trochus. By comparing these estimates to known catch and effort data, and to the density of these 
species on similar reefs in Torres Strait and the northern Great Barrier Reef, we were able to assess stock status. 
Overall, the sedentary marine living resources on the shallow reefs were heavily depleted, with the high-value species 
over-exploited and the lower value species probably either fully or over-exploited. The exception was Ashmore Reef, 
where there were higher densities of most target species, despite clear evidence of exploitation of at least the high- 
value resources. 

Keywords: survey, benthic resources, fisheries, MOU74 Box, Ashmore Reef, Scott Reef. 


INTRODUCTION 

The reefs and shoals off the north-western Australian 
coastline have been fished for several centuries, 
principally by Indonesian fishers. The earliest records 
of fishing activity are by the Macassans (from Sulawesi 
in Indonesia) fishing for holothurians (beche-de-mer or 
trepang) over a wide area of the Australian coastline 
from the mid-1600s to about 1900 (Wallner and 
McLoughlin 1996). Prior to 1900, it was estimated that 
up to 200 perahus (Anon. 1989) and 8000 fishers 
(Wallner and McLoughlin 1996) per year visited the 
northern Australian coast. After 1900, fishing by 
Indonesians on the reefs and shoals of the area occurred 
at least sporadically but was progressively restricted by 
Australian governments. 

In 1974, a Memorandum of Understanding (MOU) 
between the Australian and Indonesian governments 
allowed continued access by ‘traditional’ Indonesian 
fishers to the reefs and shoals of what would later 
become known as the MOU74 Box. This was an 
approximately 50 000 knf area that contains several reef 
systems including Ashmore Reef (Fig. 1). Under the 
terms of the MOU, fishing for marine resources was 
allowed other than those protected by CITES (e.g. 
turtles, clams) (Anon. 1989). 

Ashmore Reef was declared a Marine Nature Reserve 
in 1983, and the removal of fauna and flora was banned 
(Anon. 1989). The reserve covers 583 square kilometers 


of the reef down to approximately the 50 m contour. 
Ashmore Reef was selected as a nature reserve because 
of its high conservation value but also due to evidence 
of severe depletion of the marine resources there, 
including seabirds and turtles (Anon. 1989). 

Apart from limited catch data collected by 
surveillance and regulatory authorities, little is known 
about the catch of the Indonesian fishers in the area or 
the effects of fishing on the target species. Prior to about 
1900, the catch mainly consisted of holothurians (beche- 
de-mer or trepang). Subsequently, the catch diversified 
to include trochus, fish and clam meat and turtle (meat 
and shell) (Anon. 1989), seabirds and turtle eggs (mainly 
on Ashmore Reef). Often, however, effort was 
concentrated on a particular resource (e.g. trochus in 
the 1970s) depending on market forces (Wallner and 
McLoughlin 1996). The recent trend is for Indonesian 
fishers to target a range of species. A survey of 
Indonesian fishing vessels (perahus) in 1987 found the 
main commercial catches to be holothurians, trochus, 
pearl oysters and sharks. The catch also occasionally 
included reef fish (mainly for consumption by fishers 
but some was dried for consumption or selling in 
Indonesia), clam meat, squid, octopus, helmet and baler 
shells (Russell and Vail 1988). 

Information from surveillance authorities indicates 
that fishing effort has increased considerably since 1990 
(D. Pike and S. Tester, pers. comm.; Caddy 1995), driven 
by higher product prices and the depletion of Indonesian 
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reefs and, more recently, by the severe economic 
downturn in Indonesia. Although some of this effort has 
come from illegal fishing in and outside the MOU74 
Box (Caddy 1995), much has come from an increase in 
visits by traditional fishing vessels. 

An analysis of limited catch data (Wallner and 
McLouglin 1996), and anecdotal evidence collected by 
Australian surveillance authorities, indicated that the 
marine resources of the MOU74 Box were being 
heavily depleted. The general experience with 
holothurian and trochus fisheries throughout the world, 
including other areas of Australia such as Torres Strait 
and the Great Barrier Reef, is that these sedentary 
marine resources have proved particularly susceptible 
to overexploitation (Wright and Mill 1993). For 
example, holothurian fisheries have been under strong 
pressure in recent years due to increased prices in Asia 
(Conand 1996). 

Due to the lack of fisheries data, a stock survey 
was the only way to provide information on the status 
of the stocks. In September and October 1998, CSIRO 
Division of Marine Research surveyed the resources 
of the shallow reefs (0-15 m deep) and shoals 
(15-50 m deep) of the MOU74 Box area and Hibernia 
Reef to the north. The information from the survey was 
used to estimate the distribution and abundance of the 
sedentary marine resources and to assess the status of 
the stocks. 



rCupang 


Ashmow Reef 
(Pulau Ptesir) 


Cartier Islet' 
(Pulau Bdru) 


Seringapatam Reef 
(Pulau Aftringan) 


Browse Island 
(Pulau Berseland) 


MOU74 Box 


Shallow reef (0-15 m) 
Shoal (15-50 m) 


150 Kilometers 


Fig. 1. Timor Sea MOU74 Box showing shallow reefs (0-15 m 
deep) and shoal areas (15-50 m deep). Also shown is the boundary 
of the Australian EEZ and the 200 m bathymetric line. 


METHODS 

Study area. The study area consisted of the MOU74 
Box, an area of approximately 50,000 km 2 off north¬ 
western Australia, and the area immediately north of 
the MOU74 Box within the Australian Fishing Zone 
(Little Area A). It contains seven large, shallow, reef 
systems ranging in size from 227 km 2 (Ashmore Reef) 
to 4.5 km 2 (Browse Island) covering a total area of 
approximately 560 km 2 (excluding the deep lagoons of 
the Scott Reefs) (Fig. I, Table 1). In addition to the 
shallow reefs, there are approximately 1226 km 2 of 
shoals (15 to 50 m deep) within the study area. The 
shoals, especially those not adjacent to shallow reefs, 
probably represent ancient coral reefs that did not keep 
pace with sea level rise during the past 20 000 years 
(Anon. 1989; Berry 1993). 

Sample design. Shallow reefs (0-15 m deep). 
Initially, high-resolution Landsat satellite data of the 
reefs in the MOU74 box was used to map the shallow- 
water habitats and to produce provisional reef habitat 
types (Fig. 2). Information from previous CSIRO 
research on reefs in Torres Strait, the far northern Great 
Barrier Reef (GBR), and northern Australia was used 
to guide this initial classification of satellite images. The 
provisional reef habitats were input to a Geographical 
Information System (GIS) to assist in the design of field 
sampling: e.g. area analysis of provisional habitat types; 
sample site density (high in heterogenous areas, lower 
in homogenous lagoon areas) and targeted sampling 
(such as the trochus habitat and the reef edge habitat). 
The GIS also assisted with optimising cruise logistics 
and output of sampling sites to GPS navigators. 


Table 1. Area of shallow reefs (0-15 m deep) and shoals (15-50 
m deep) in the MOU74 box and Little Area A in the Timor Sea. 
Also shown is the length of reef edge for each reef. 


Type 

Name 

Area 

(km 2 ) 

Edge 
length (km) 

Reef 

Ashmore Reef 

226.97 

73.26 

Reef 

Browse I. 

4.55 

6.82 

Reef 

Cartier 1. 

10.85 

12.21 

Reef 

Hibernia Reef 

11.47 

22.11 

Reef 

Scott North Reef 

106.13 

93.28 

Reef 

Scott South Reef 

144.00 

155.10 

Reef 

Seringapatam Reef 

55.19 

45.87 


Total reefs 

559.18 

408.65 

Shoal 

Ashmore Reef 

303.83 


Shoal 

Browse 1. 

5.42 


Shoal 

Cartier 1. 

8.67 


Shoal 

Johnson Bank 

137.23 


Shoal 

Scott North Reef lagoon 

33.10 


Shoal 

Scott South Reef lagoon 

288.95 


Shoal 

Shoal A 

75.85 


Shoal 

Shoal B 

225.17 


Shoal 

Shoal C 

54.58 


Shoal 

Woodbine Bank 

93.54 



Total shoals 

1226.34 
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Fig. 2. Shallow reefs of the Timor Sea MOU74 Box showing 
provisional reef strata digitised by hand from LANDSAT TM 
satellite images using field data as a guide. Reef-top and reef- 
edge sample sites are also shown. 


The density of sampling on the reef top was either 
1 site per 1 km 2 (shallow reef and shallow lagoon 
strata) or 1 site per 2 km 2 (deep lagoon strata) (Fig. 
2). With an equivalent effort spent on the reef edge, 
this meant a sampling density of one site every 1.5 km 
around the reef edge (Fig. 2). This gave a total of 765 
sites on the shallow reefs. Without pilot survey data, 
it was not possible to predict with certainty the 
precision of final stock estimates of commercial 
species. However, based on abundance and variance 
estimates of commercial species such as holothurians 
( beche-de-mer ) and habitat spatial heterogeneity from 
previous surveys of reefs in Torres Strait and on the 
Great Barrier Reef, this density of sampling was 
estimated to provide stock size estimates with 95% Cl 
of ± 35%, and enable accurate habitat mapping (Long 
et al. 1997a; Skewes et al. 1999). 

Surveying trochus required some additional 
sampling because of its restricted habitat. Extra reef- 
edge sites were assigned to trochus habitat mapped from 
satellite images based on previous studies in Torres 
Strait (Long et al. 1993). 

Survey sites were assigned by dividing each stratum 
on the reef top into 1 knr or 2 km 2 grids (depending on 
the stratum type), and the reef edge into sections 1.5 
km long. Sample sites were then located within the 
grids/sections at random. For the reef top, this meant 
that the sample site was selected from 25 possible sites 
within a restricted area of the I knr or 2 km 2 primary 


sampling units. For the reef edge, the sample sites were 
selected from eight possible sites available within a 700 
m long section of each of the 1.5 km-long primary 
sample units. 

Shoal areas (15-50 m deep). The shoals in the study 
area were delineated from existing depth data and 
included all the known areas shallower than 50 m 
(Fig. 1). The sample design was a grid pattern with a 
sampling density of approximately 1 per 7 km 2 
(2 n.mile 2 ). This density of sampling gave a total of 176 
sites in the shoal area (Fig. 3), and was a similar 
sampling intensity to previous surveys conducted in 
Torres Strait and on the northern Great Barrier Reef 
(Skewes et al. 1996; Long et al. 1997b). 

Field sampling. Field sampling was done from 1 
September to 8 October 1998. Roughly half the Held 
time was spent sampling the shoals and the other half 
the shallow reefs. 

Shallow reefs (0-15 m deep). Field sampling was 
undertaken by small teams of divers operating from 
dinghies and locating sample sites with a GPS. On the 
reef top, divers swam along a 20 m (shallow reef and 
shallow lagoon strata) or 100 m (deep lagoon strata) long 
transect and recorded information 2 m either side of the 
transect line. Holothurians, trochus, clams and other 
benthic fauna of commercial or ecological interest were 
counted, taken to the dinghy, weighed, and replaced. 

On the reef edge, a diver swam along measured length 
transects perpendicular to the reef edge between the reef 
crest and 15 m water depth and recorded information 
2 m either side of the transect line. The diver recorded 



Fig. 3. Shoal areas (<50 m deep) of the MOU74 Box and areas 
north and video transect sample sites. 
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resource and habitat variables similar to those recorded 
on the reef top, but also including giant clams and spiny 
rock lobster. The distance from the reef crest to the 15 m 
depth contour was measured and recorded using a 
Chainman distance recording device. This was later used 
with reef edge length to calculate the area of the reef 
edge. 

Shoal areas (15-50 m deep). At each site, we 
surveyed a 500 m long transect of seabed with a video 
camera. Position was logged on both the video and 
acoustic track by GPS. The number of target sedentary 
species, such as holothurian and lobster, and the 
composition of the seabed substrate were estimated 1.96 
m either side of the transect. Information was recorded 
in real time, but also using video playback where there 
were uncertainties. 

Data analysis. Standing stock and density (number 
per hectare) estimates were calculated from site counts 
using a stratified sample design that took into account 
the heterogeneity of abundance and variance in different 
habitats in the study area (Appendix). The area of the 
shallow reef and shoal habitats, with the exception of 
reef edge habitat, were output from the GIS. The area 
of the reef edge habitat was calculated from 
measurements of the width of the reef edge, from the 
reef crest to 15 m depth, and the length of the reef edge 
output from the GIS. 

Stratified mean and variance estimates of 
quantifiable resources for reef-top and reef-edge strata 
were used to calculate total abundance by reef and the 
whole area for holothurians, trochus and clams. A similar 
analysis was carried out for shoal holothurians. (An 
example is shown in Table 3 for commercial 
holothurians). 

Biomass estimates were calculated from abundance 
estimates and size frequency data collected during 
sampling. Product (dried beche-de-mer) weights for 
most species have been calculated from published 
conversion rates (Conand 1990). Beche-de-mer , the 
dried product, is typically 5-10% the wet weight of the 
live holothurians, depending on the species. Generally, 
higher-value species have higher conversion rates. 

Stock status of the main target species was assessed 
by comparing the stock size/density between the reefs 
within the study area, comparing stock size/density with 
similar reefs in the Torres Strait and on the northern 
Great Barrier Reef, and analysing the size/age structure 
of each species. The stock size estimates were then 
related to the estimated fishing effort data and habitat 
data. The stock size estimates were also compared to 
estimates of the catch made from the limited surveillance 
data for the MOU74 Box (Wallner and McLoughlin 
1996), and to the limited survey data collected by the 
Western Australian and Northern Territory Museums in 
the 1980s (Berry 1986; Russell and Vail 1988; Berry 
1993). 


RESULTS AND DISCUSSION 

Fishing activity. During the survey in September/ 
October 1998, we observed approximately 150 vessels 
in the MOU74 Box (Table 2). Given that not all the 
fishing vessels would be in the MOU74 Box at any one 
time, and that each vessel may make two or more trips 
per year, the current fishing effort is probably greater 
than the 200 trips per year estimated for the early 1990s 
based on observations by the monitoring vessel at 
Ashmore Reef (Wallner and McLoughlin 1996). 

Holothurians. Distribution and abundance: shallow 
reefs. There was an estimated 753 tonnes wet weight (± 
219 tonnes, 95% Cl) of commercial holothurians on the 
shallow reefs of the MOU74 Box and Hibernia Reef 
(Table 3). This equates to approximately 45 tonnes of 
dried beche-de-mer using published conversion rates 
(Conand 1990). The most abundant commercial species 
on the shallow reefs was Holothuria atra (62.3% and 
44.2% by numbers and weight respectively) (Tables 4 
and 8). Ashmore Reef had the highest abundance of 
commercial holothurians and had approximately 76% 
of all shallow reef commercial holothurians by weight 
(Table 3). Seringapatam and Hibernia Reefs had the 
lowest abundance of commercial holothurians and, by 
weight, less than 1% of the commercial holothurians in 
the study area. 

The number of commercial species surveyed at 
Ashmore Reef was greater than for any other reef in the 
MOU74 Box (Table 5). This is consistent with the results 
of previous faunal surveys (Marsh et al. 1993). Possible 
reasons for this difference are the wide range of habitats 
on Ashmore Reef compared to the southern reefs, 
including large areas of sand and seagrass fiats (Skewes 
et al. 1999), and the reefs proximity to the coastline 
and the Indonesian archipelago, which would provide 
recruits to the area (Anon. 1989). The depauperate 
nature of Seringapatam Reef was also reflected in faunal 

Table 2. Records oflndonesian fishing vessels observed anchored 
at reefs and shoals during the 1998 survey. An additional 30-50 
vessels were also observed under sail or in the vicinity of Ashmore 
Reef during the survey. 


Date 

Reef/Shoal 

Vessels anchored 

5-Sep-98 

Shoal A 

0 

7-Sep-98 

Shoal B 

2 

10-Sep-98 

Johnson Bank 

7 

11-Sep-98 

Woodbine Bank 

11 

!2-Sep-98 

Shoal C 

0 

12-Sep-98 

Cartier Is 

6 

13-Sep-98 

Browse Is 

0 

l5-Sep-98 

Scott Rf (South) 

54 

17-Sep-98 

Scott Rf (North) 

35 

29-Sep-98 

Seringapatam Rf 

3 

5-Oct-98 

Hibernia Rf 

0 

Total 


118 
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surveys carried out in 1978 (three holothurian species) 
and 1984 (four species) compared to Scott Reef (21 
holothurian species in 1984) (Marsh 1986; Marsh eta/. 
1993). 

One holothurian species that was not observed 
during this survey on Ashmore Reef, Holothuria 
timana (formerly H. aculeata), made up 11% of the 
catch in 1988 (Russell and Vail 1988), and was 
reported at several locations during surveys in 1986— 
1987 (Marsh et al. 1993). Also, another high-value 


species that was found on Ashmore Reef in 1978, H. 
scabra (sandfish) (Marsh et al. 1993), was not found 
during this survey or during surveys in the late 1980s. 

High-value holothurian species ( Holothuria nobilis, 
H. fuscogilva, Thelenota ananas) totalled only 
32.5 tonnes on the shallow reefs or approximately 2.5 
tonnes of dried beche-de-mer (Table 8). High-value 
species were either absent or at very low abundances at 
all reefs in the study area except for Ashmore Reef (Table 
4). Surprisingly, because of Hibernia Reef’s small size 


Table 3. Stratified mean abundance and variance estimates for the calculation of standing stock estimates for commercial holothurians 
(C hoi) by reef habitat, by reef, and for the total study area. Column headings correspond to the formula in Appendix A. 




Sites 

Area 

Reef 

Total 

C hoi 

C hoi 

Reef 

Reef 

Total 

Total 

Reef 

Strata 

n „ 

(ha) 


W „ 

Y„ 


Y a 

v(Y fl ) 

Y„ 

v(Y s ,) 

Ashmore 

Back edge 

7 

160.2 

0.01 

0.00 

50.0 

6875.0 

0.4 

0.0 

0.1 

0.0 

Ashmore 

Deep lagoon 

9 

3183.8 

0.14 

0.06 

41.7 

7812.5 

5.8 

17.1 

2.4 

2.8 

Ashmore 

Front edge 

27 

688.7 

0.03 

0.01 

27.6 

2373.3 

0.8 

0.1 

0.3 

0.0 

Ashmore 

Lagoon edge 

1 1 

179.3 

0.01 

0.00 

68.2 

5386.4 

0.5 

0.0 

0.2 

0.0 

Ashmore 

Sand 

43 

6123.3 

0.27 

0.11 

14.5 

3876.0 

3.9 

6.6 

1.6 

1.1 

Ashmore 

Shallow 

98 

8252.8 

0.36 

0.15 

100.8 

41771.3 

36.6 

56.4 

14.9 

9.3 

Ashmore 

Shallow lagoon 

45 

4108.9 

0.18 

0.07 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Browse 

Front edge 

6 

101.7 

0.22 

0.00 

25.0 

1500.0 

5.6 

12.5 

0.0 

0.0 

Browse 

Shallow 

20 

353.5 

0.78 

0.01 

18.8 

2097.0 

14.6 

63.2 

0.1 

0.0 

Cartier 

Back edge 

3 

35.5 

0.03 

0.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Cartier 

Front edge 

4 

111.3 

0.10 

0.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Cartier 

Shallow 

20 

938.7 

0.86 

0.02 

25.0 

4276.3 

21.6 

159.9 

0.4 

0.1 

Hibernia 

Back edge 

6 

109.2 

0.10 

0.00 

16.1 

626.6 

1.5 

0.9 

0.0 

0.0 

Hibernia 

Front edge 

6 

161.2 

0.14 

0.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hibernia 

Lagoon edge 

2 

11.0 

0.01 

0.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hibernia 

Shallow 

24 

675.9 

0.59 

0.01 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hibernia 

Shallow lagoon 

2 

190.3 

0.17 

0.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Scott Nth 

Back edge 

9 

132.0 

0.01 

0.00 

5.1 

103.2 

0.1 

0.0 

0.0 

0.0 

Scott Nth 

Front edge 

19 

332.6 

0.03 

0.01 

7.8 

210.2 

0.2 

0.0 

0.0 

0.0 

Scott Nth 

Lagoon edge 

24 

444.4 

0.04 

0.01 

33.3 

4329.7 

1.4 

0.3 

0.3 

0.0 

Scott Nth 

Shallow 

61 

5673.4 

0.53 

0.10 

6.1 

742.8 

3.3 

3.5 

0.6 

0.1 

Scott Nth 

Shallow lagoon 

37 

4030.8 

0.38 

0.07 

42.8 

9595.5 

16.3 

37.4 

3.1 

1.3 

Scott Sth 

Back edge 

25 

648.1 

0.05 

0.01 

34.8 

3459.0 

1.6 

0.3 

0.4 

0.0 

Scott Sth 

Deep lagoon 

2 

419.0 

0.03 

0.01 

12.5 

312.5 

0.4 

0.1 

0.1 

0.0 

Scott Sth 

Front edge 

31 

679.6 

0.05 

0.01 

0.8 

20.2 

0.0 

0.0 

0.0 

0.0 

Scott Sth 

Lagoon edge 

24 

574.2 

0.04 

0.01 

58.3 

23242.8 

2.3 

1.5 

0.6 

0.1 

Scott Sth 

Shallow 

104 

9116.8 

0.63 

0.16 

7.2 

3891.7 

4.6 

15.0 

1.2 

1.0 

Scott Sth 

Shallow lagoon 

30 

2962.7 

0.21 

0.05 

6.9 

728.4 

1.4 

1.0 

0.4 

0.1 

Seringapatam 

Back edge 

6 

93.2 

0.02 

0.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Seringapatam 

Deep lagoon 

5 

1330.0 

0.24 

0.02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Seringapatam 

Front edge 

10 

119.5 

0.02 

0.00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Seringapatam 

Lagoon edge 

11 

189.2 

0.03 

0.00 

2.3 

56.8 

0.1 

0.0 

0.0 

0.0 

Seringapatam 

Shallow 

22 : 

2561.9 

0.46 

0.05 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Seringapatam 

Shallow lagoon 

12 

1225.6 

0.22 

0.02 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 





yst 



Total 

Weight 

95% Cl 


Reef 

/I 

Area (ha) 


(n/ha) 


i(Y s| ) Abundance 


(t) 

(%) 


Ashmore 

240 

22697.1 


48.13 

80.16 

1092523 


560.4 

36.6 


Browse 

26 

455.2 


20.15 

75.71 

9171 


3.4 

88.8 


Cartier 

27 

1085.5 


21.62 

159.89 

23467 


8.3 

120.0 


Hibernia 

40 

1147.7 


1.54 


0.95 

1764 


2.6 

127.9 


Scott Nth 

150 

10613.1 


21.24 

41.22 

225459 


99.5 

59.7 


Scott Sth 

216 

14400.3 


10.29 

1 

7.98 

148171 


78.1 

81.2 


Seringapatam 

66 

5519.4 


0.08 


0.01 

430 


0.6 

199.7 


Total area 

765 

55918.4 


26.84 

15.95 

1500985 


752.9 

29.2 
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Table 4. Mean density (n/ha) and S.D. (in brackets) by reef and for all reefs in the study area for commercial holothurians. Also included 
is the non-commercial holothurian Holothuria leucospilota. 


Species 


Holothuria atra 
(lollyfish) 

Thelenola ananas 
(prickly redfish) 
Holothuria nobilis 
(black teatfish) 
Holothuria edulis 
(pinkfish) 

Bohadschia argus 
(tigerfish) 

Holothuria fuscogilva 
(white teatfish) 

Stichopus chloronotus 
(greenfish) 

Thelenola anax 
(amberfish) 

Holothuria fuscopunctata 
(elephant trunkfish) 
Stichopus variegatus 
(curry fish) 

Bohadschia graeffei 
(flower fish) 

Actinopyga spp. 

(redfish / blackfish) 
Holothuria leucospilota 
(white threadsfish) 


Reef 


Ashmore Browse Cartier Hibernia 


34.88 

19.22 

21.62 

0.25 

(7.67) 

(8.75) 

(12.64) 

(0.24) 

0.14 

0.00 

0.00 

0.25 

(0.1) 

(0) 

(0) 

(0.24) 

0.52 

0.00 

0.00 

0.00 

(0.47) 

(0) 

(0) 

(0) 

3.83 

0.00 

0.00 

0.40 

(2.08) 

(0) 

(0) 

(0.4) 

1.97 

0.00 

0.00 

0.40 

(1.95) 

(0) 

(0) 

(0.4) 

0.07 

0.00 

0.00 

0.25 

(0.1) 

(0) 

(0) 

(0.24) 

4.05 

0.00 

0.00 

1.07 

(1.43) 

(0) 

(0) 

(0.8) 

0.03 

0.00 

0.00 

0.00 

(0) 

(0) 

(0) 

(0) 

0.03 

0.00 

0.00 

0.00 

(0) 

(0) 

(0) 

(0) 

1.95 

0.00 

0.00 

0.00 

(1.95) 

(0) 

(0) 

(0) 

0.20 

0.93 

0.00 

0.00 

(0.1) 

(0.93) 

(0) 

(0) 

0.81 

0.00 

0.00 

0.00 

(0.79) 

(0) 

(0) 

(0) 

1426.11 

0.00 

0.00 

0.00 

(521.13) 

(0) 

(0) 

(0) 


Scott 

North 

Scott 

South 

Seringa- 

patani 

All reefs 

2.17 

6.15 

0.00 

16.73 

(1.39) 

(4.07) 

(0) 

(3.31) 

0.00 

0.00 

0.00 

0.06 

(0) 

(0) 

(0) 

(0) 

0.04 

0.04 

0.00 

0.23 

(0) 

(0) 

(0) 

(0.2) 

16.15 

2.81 

0.00 

5.35 

(6.21) 

(1.01) 

(0) 

(1.47) 

1.37 

0.09 

0.08 

1.10 

(1.28) 

(0) 

(0.1) 

(0.83) 

0.00 

0.00 

0.00 

0.03 

(0) 

(0) 

(0) 

(0) 

0.00 

0.00 

0.00 

1.67 

(0) 

(0) 

(0) 

(0.58) 

0.03 

0.45 

0.00 

0.13 

(0) 

(0.37) 

(0) 

(0.1) 

0.00 

0.00 

0.00 

0.01 

(0) 

(0) 

(0) 

(0) 

1.28 

0.04 

0.00 

1.05 

(1.28) 

(0) 

(0) 

(0.82) 

0.20 

0.62 

0.00 

0.29 

(0.1) 

(0.57) 

(0) 

(0.14) 

0.00 

0.09 

0.00 

0.35 

(0) 

(0) 

(0) 

(0.32) 

115.02 

39.57 

0.00 

610.87 

(85.16) 

(24.75) 

(0) 

(212.24) 


and proximity to Indonesian fishing ports, high densities 
of some high-value holothurians were found there, 
although the estimates had a very low precision (Table 4). 

Medium and low-value holothurian species 
(eg. Holothuria atra, H. edulis, H. fuscopunctata) 
occurred in low densities on most reefs, but generally 
in higher densities on Ashmore Reef (Table 4). 
Seringapatam and Hibernia Reefs had very low 
densities. Scott North Reef was the least heavily depleted 
of the southern reefs with significant stocks of H. edulis 
(Tables 3 and 4). One holothurian species of little or no 
current value, H. leucospilota, was very abundant on 
Ashmore Reef, and to a lesser extent on Scott North 
and Scott South Reefs (Table 4). 


Table 5. Number of commercial holothurian species surveyed at 
each reef during the resource survey carried out in September 
1998. 


Reef 

Commercial species surveyed 

Ashmore Reef 

13 

Browse Island 

2 

Cartier Reef 

i 

Hibernia Reef 

6 

Scott Reef North 

7 

Scott Reef South 

9 

Seringapatam Reef 

1 


Distribution and abundance: shoals. There was an 
estimated 546 tonnes (± 251 tonnes, 95% Cl) ofcommercial 
holothurians on the shoal areas of the MOU74 Box and Little 
Area A (Table 6), which equates to approximately 33 tonnes 
of dried beche-de-mer . Holothurians were found throughout 
the shoals in the study area except for Shoal A, Browse Island 
surrounds and the Scott Reef North lagoon, which had few 
holothurians (Table 6). The species composition on the shoals 
was different to the shallow reefs, with the main species 
found on the shoal area being the low-value species 
Holothuria fuscopunctata (55.7% and 54.7% of shoal 
holothurians by number and weight respectively (Tables 7 
and 8). This meant it had the second highest total biomass 
of any commercial holothurian in the study area (23.1% of 
total biomass), after//, atra (36.4% of total biomass) (Table 
8). Relatively high densities of a high-value species, 
Thelenola ananas, and a medium-value species, Actinopyga 
echinites, occurred on a small area of hard-bottom habitat 
on the Woodbine and Johnson shoals (Table 7). 

Population structure. The size-frequency distributions 
for the holothurians with sufficient size measurements 
(generally n > 8) collected on the shallow reefs and shoals 
are shown in Fig. 4. Some species, especially the high- 
value species Holothuria nobilis and Thelenola ananas, 
have very few smaller size records, which probably indicate 
the cryptic nature of the juveniles of these species. For the 
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more common species such as H. atra and H. edulis, this 
is less evident. Most size-frequencies are characterised by 
relatively small numbers of very large individuals, 
reflecting the high mortality rates, both natural and fishing 
(Preston 1993). 

The population of the most abundant species in the 
MOU74 Box, Holothuria atra, was made up of 


relatively large numbers of small individuals (<300 g, 
mean 122.02 g, n = 115, 78%), and fewer larger 
individuals (>300 g, mean 914.67 g, n = 45, 22%) 
(Fig. 4). About 92% of the individuals over 300 g were 
found on reef edge sites, and 80% of the smaller 
individuals were found on the shallower reef top. This 
is consistent with local distribution patterns of H. atra 


Table 6. Stratified mean abundance and variance estimates for the calculation of standing stock estimates for commercial holothurians 
(C hoi) by shoal and for all shoals in the study area. Column headings correspond to the formula in the Appendix. 



Sites 

Shoal 

Total 

C hoi 

C_hol 

Shoal 

Shoal 

Total 

Total 

Shoal 

n h 

Area (ha) 



Y „ 

s \ 

v, 

v(Y.) 

Y , 

v(Y,) 

Ashmore Reef 

39 

30382.7 


0.25 

5.56 

127.57 



1.38 

0.20 

Browse 1. 

4 

541.9 


J.00 

0.00 

0.00 



0.00 

0.00 

Cartier I. 

3 

867.4 


0.01 

1.71 

14.81 



0.01 

0.00 

Johnson Bank “sand” 

17 

12196.9 

0.89 

0.10 

3.01 

78.10 

2.67 

3.63 

0.30 

0.05 

Johnson Bank “hard” 

9 

1526.5 

0.11 

0.01 

5.03 

25.74 

0.56 

0.04 

0.06 

0.00 

Scott Nth Reef 

5 

3309.8 


0.03 

0.00 

0.00 



0.00 

0.00 

Scott Sth Reef 

42 

28895.5 


0.24 

2.68 

126.26 



0.63 

0.17 

Shoal A 

8 

7585.2 


0.06 

0.00 

0.00 



0.00 

0.00 

Shoal B 

27 

22516.6 


0.18 

2.08 

31.66 



0.38 

0.04 

Shoal C 

6 

5458.4 


0.04 

1.71 

29.63 



0.08 

0.01 

Woodbine Bank “sand' 

’ 12 

8348.4 

0.89 

0.07 

1.07 

30.86 

0.95 

2.05 

0.07 

0.01 

Woodbine Bank “hard” 

4 

1005.2 

0.11 

0.01 

5.42 

26.04 

0.58 

0.08 

0.04 

0.00 


Sites 



yst 


Total 


Weight 

95%CI 

Shoal 

n h 

Area (ha) 


(«/ha) 

v(Y st ) 

abundance 


(t) 


(%) 

Ashmore Reef 

39 

30382.7 


5.56 

127.57 

169050 


256.2 


65.7 

Browse I. 

4 

541.9 


0.00 

0.00 

0 


0.0 



Cartier 1. 

3 

867.4 


1.71 

14.81 

1479 


3.2 


414.8 

Johnson Bank 

26 

13723.4 


3.23 

3.66 

44390 


65.1 


121.6 

Scott Nth Reef 

5 

3309.8 


0.00 

0.00 

0 


0.0 



Scott Sth Reef 

42 

28895.5 


2.68 

126.26 

77427 


105.4 


130.6 

Shoal A 

8 

7585.2 


0.00 

0.00 

0 


0.0 



Shoal B 

27 

22516.6 


2.08 

31.66 

46939 


73.4 


106.6 

Shoal C 

6 

5458.4 


1.71 

29.63 

9311 


17.0 


318.8 

Woodbine Bank 

16 

9353.6 


1.53 

2.12 

14344 


26.2 


201.5 

Total shoal area 

176 

122634.4 


2.96 

0.48 

362940 


546.4 


46.0 


Table 7. Mean density (tit ha) and S.D. (in brackets) by shoal and for all shoals in the study area for commercial holothurians. (Browse Is, 
Scott North Reef and Shoal A had zero holothurians). 


Shoal 

Species Ashmore 

Reef 

Cartier 

Island 

Scott 
South Reef 

Shoal 

B 

Shoal 

C 

Johnson 

Bank 

Woodbine 

Bank 

Total 

shoals 

Thelenota ananas 

0.00 

1.71 

0.00 

0.00 

0.85 

0.13 

0.88 

0.13 


(0) 

(2.95) 

(0) 

(0) 

(2.09) 

(0.1) 

(0.57) 

(0) 

Bohadschia argus 

0.13 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 


(0.81) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

Stichopus variegatus 

0.26 

0.00 

0.00 

0.19 

0.00 

0.00 

0.00 

0.10 


(1.13) 

(0) 

(0) 

(0.98) 

(0) 

(0) 

(0) 

(0) 

Holothuria fuscopunctata 

4.03 

0.00 

0.24 

1.33 

0.85 

2.46 

0.48 

1.65 


(8.84) 

(0) 

(1.1) 

(4.16) 

(2.09) 

(1.41) 

(0.55) 

(0.41) 

Holothuria fuscogilva 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 

0.00 

0.00 


(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

(0) 

Holothuria atra 

0.64 

0.00 

2.44 

0.38 

0.00 

0.37 

0.00 

0.84 


(2.23) 

(0) 

(10.01) 

(1.78) 

(0) 

(0.37) 

(0) 

(0.39) 

Actinopyga spp. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.25 

0.18 

0.04 


(0) 

(0) 

(0) 

(0) 

(0) 

(0.17) 

(0.14) 

(0) 
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in Taiwan (Chao et al. 1993, 1994), where populations 
of smaller individuals in shallow areas are exposed at 
low tide. The stress of exposure is thought to be a trigger 
for asexual reproduction by fission in H. atra, which 
contributes to the high percentage of small individuals. 
In contrast, most larger individuals were found to 
reproduce sexually. 

Stock status. The estimated total biomass of all 
holothurian species on the reefs of the MOU74 Box 
excluding Ashmore Reef (about 2001 wet weight. Table 
3) is less than the estimated catch of holothurian in the 
MOU74 Box in 1994 (340 t wet weight) (Wallner and 
McLoughlin 1996), indicating a severe depletion. Catch 
trends have declined steeply and the fishery moved to 
low-value species between 1991 and 1994 (Wallner and 
McLoughlin 1996). 

The absolute and relative abundance of high-value 
species ( Holothuria nobilis, H. fttscogi/va and 
j Thelenota ananas) on most reefs in the study area was 


Bohadschia argus 


Holothuria atra 



Weight (g) weight (g) 

Bohadschia graeffei Holothuria edulis 


A. 

500 1000 1500 0 100 200 300 400 500 

weigh! (g) weight (g) 




Stichopus chloronotus Holothuria leucospilota 



0 200 400 600 aoo 1000 0 100 200 

Weight (g) Weight (g) 


Thelenota ananas 



1000 2000 3000 4000 5000 6000 
Weight (g) 


Holothuria nobilis 

Li 

0 500 1000 1500 2000 2500 

Weight (g) 


Fig. 4. Size-frequencies (weight in g) of holothurians measured 
on the shallow reefs (where n> 8). 


very low, indicating heavy depletion. Even at the 
protected Ashmore Reef, the density of higher value 
holothurians was similar to or less than heavily fished 
populations of the same species at similar reefs in Torres 
Strait (Long et al. 1996). For example, H. nobilis was 
found at mean densities of 4.1 to 12.5 per ha (by reef) 
in Torres Strait but only 0.52 per ha on Ashmore Reef. 
Seringapatam Reef and Hibernia Reef in particular had 
extremely low densities of commercial holothurians 
(0.08 per ha and 1.54 per ha respectively). 

The abundances of medium and low-value species 
on all reefs in the study area were generally lower than 
unfished populations on similar reefs in Torres Strait. A 
currently targeted species, Holothuria atra , was severely 
depleted on all reefs except Ashmore Reef, and Browse 
and Cartier Islands. Its abundance at Scott Reef, which 
is where most fishing for this species is currently 
happening, is very low (6.15 and 2.17 per ha at Scott 
South and Scott North respectively) compared to 
unfished populations on similar reefs in Torres Strait 
(approx 80 per ha) (Long et al. 1996). Even Ashmore 
Reef, which had the highest densities of H. atra , 
averaging nearly 35 per ha, was a less than half the 
abundance of Torres Strait reefs. 


Table 8. Standing stock estimates (tonnes) with 95% confidence 
intervals as a percentage of the estimate (in brackets) for shallow 
reefs, shoals, and the total study area for commercial holothurians. 
Also included is the non-commercial holothurian, Holothuria 
leucospilota. 


Species 

Shallow 

Reefs 

Shoals 

Total 

study 

area 

Holothuria atra 

332.80 

139.60 

472.40 


(38.8) 

(89.4) 

(38.01) 

Thelenota ananas 

8.60 

34.90 

43.50 


(72.7) 

(90.2) 

(73.78) 

Holothuria nobilis 

19.40 

0.00 

19.40 


(161.9) 

(0) 

(161.9) 

Holothuria edulis 

57.50 

0.00 

57.50 


(54) 

(0) 

(54) 

Bohadschia argus 

80.30 

5.10 

85.40 


(147.9) 

(199.9) 

(139.58) 

Holothuria fuscogilva 

4.50 

0.80 

5.30 


(75.8) 

(218.2) 

(72.3) 

Stichopus chloronotus 

31.10 

0.00 

31.10 


(68.4) 

(0) 

(68.4) 

Thelenota anax 

30.30 

0.00 

30.30 


(140.7) 

(0) 

(140.7) 

Holothuria fuscopunctata 

0.90 

299.00 

299.90 


(196.3) 

(50) 

(49.85) 

Stichopus variegatus 

154.40 

31.80 

186.20 


(155.4) 

(114) 

(130.32) 

Bohadschia graeffei 

11.40 

0.00 

11.40 


(104.2) 

(0) 

(104.2) 

Actinopyga spp. 

0.81 

5.50 

6.31 


(0.62) 

(101.6) 

(88.56) 

Holothuria leucospilota 

2901.20 

0.00 

2901.20 


(68.2) 

(0) 

(68.2) 
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It is also possible that the lower abundance of 
commercial holothurians on the reefs in the MOU74 Box 
is the result of a lower carrying capacity compared to 
Torres Strait reefs. However, based on a broad range of 
habitat data collected during the survey, the reef habitats 
of the two locations are very similar (Skewes et al. 
1999). Also. Holothuria leucospilota, an unexploited 
species that has a similar habitat range to H. atra, was 
found in comparable densities or even higher densities 
on the reefs in the MOU74 Box than on reefs in Torres 
Strait. For example, in Torres Strait eastern reefs, which 
contain similar habitats to the reefs in the MOU74 Box 
(Skewes et al. 1999), H. leucospilota density averaged 
150 per ha with by-reef averages ranging from 0 to 1190 
per ha (Long et al. 1996). This compares well with H. 
leucospilota in the MOU74 Box, which averaged 610 
per ha overall, and ranged from 0 per ha (several smaller 
reefs) to 1426 per ha (Ashmore Reef) (Table 4). 

The proportion of higher value species in the 
holothurian population was lower on the fished reefs 
than the protected reefs (Table 6), indicating that the 
high-value species have been heavily depleted and 
fishing effort has switched to the medium- and low-value 
holothurian species. Several Indonesian fishermen 
interviewed during the survey said that these species 
were previously abundant and fished in the southern 
reefs of the MOU74 Box, but had recently become very 
rare. The catch of two canoes at Scott Reef South 
observed during the survey in 1998 was mostly made 
up of Holothuria anax and Bohadschia graeffei, both 
low-value species (one canoe also had two trochus). We 
also observed that the Indonesian fishing vessels 
anchored at Scott Reef South were targeting H. atra , as 
the large boiling pots contained bright red water stained 
by boiling this species. 

Historical catch-composition data provides further 
evidence of depletion. The catch in 1987 contained 
quantities of Holothuria timana (previously H. 
aculeata) (11% of total) (Russell and Vail 1988). While 
significant populations of all other species listed in the 
catch records were seen during the recent survey, H. 
timana was not recorded, suggesting it is absent or very 
rare. Both H. timana and H. scabra are classified as 


high-value species and H. scabra is the target of a 
fishery in Torres Strait that was shown to be extremely 
susceptible to fishing effort (Skewes et al. 1998). 

While the holothurian resources on the shoals are 
currently being exploited by a few Indonesian fishers 
(pers. obs.), there were no indication of the severe 
depletion seen on the shallow reefs. The depth of the 
shoal areas (usually >20 m) currently offers some 
protection from fishing. 

Trochus. Distribution and abundance. Trochus 
(Trochus niloticus ) were virtually absent from all the 
reefs in the study area, with the exception of Ashmore 
Reef, Cartier Island and Scott Reef having small remnant 
populations. All trochus were found on the reef crest or 
shallow reef edge and almost exclusively on the open 
(southern) reef edges. There was an estimated 4.5 tonnes 
(± 3.2 tonnes, 95% Cl) of trochus on the shallow reefs 
of the study area (Table 9). 

Population structure. The population consisted of 
two modal sizes ~60 mm-100 mm and >100 mm (Fig. 5). 
Based on established growth curves for the Cairns area 
of the Great Barrier Reef (Larcombe 1993), the smaller 
mode is probably made up of 2- to 4-year-old animals, 
and the larger mode is probably made up of 5 year old 
and older animals. Almost all trochus found were larger 
than the size at which trochus become sexually mature 
(<60 mm) (Castell 1997; Chauvet et al. 1997). 

The trochus that made up the two size modes were 
found in different zones on the reef edge. The smaller 
individuals were found, occasionally in high densities, 
close to the surf zone on areas of relatively smooth reef 
pavement with algal cover in water <2 m deep. The 
larger individuals were mostly found on the outer edge 
slope, or in deeper water off the reef edge slope in areas 
where the slope was gradual. Very few trochus <60 mm 
were found. Juvenile trochus are very difficult to sample 
as they are not only small, but also cryptic (Larcombe 
1993; Castell 1997). 

Stock status. Trochus were targeted in the early 
1980s by Indonesian fishers. Catch was estimated to 
have been as high as 20-30 tonnes during the early 
1980s (Wallner and McLoughlin 1996). However, by 
1988 trochus were reported as being of low abundance 


Table 9. Stratified mean density and standing stock estimates (with 95% confidence intervals as a percentage of estimate) of Trochus 
niloticus by reef and for all reefs in the study area . 


Reef 

Sites 

Abundance 
(per ha) 

s 2 

Total 

numbers 

Weight 

(tonnes) 

95% Cl 
(%) 

Ashmore 

253 

0.96 

0.15 

21767 

4.4 

78.8 

Browse 

26 

0.00 

0.00 

0 

0.0 


Cartier 

33 

0.20 

0.06 

222 

0.0 

234.9 

Hibernia 

40 

0.00 

0.00 

0 

0.0 


Scott North 

157 

0.00 

0.00 

0 

0.0 


Scott South 

214 

0.05 

0.00 

718 

0.1 

179.9 

Seringapatam 

68 

0.00 

0.00 

0 

0.0 


Total area 

791 

0.41 

0.02 

22706 

4.6 

75.6 
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Fig. 5. Size frequency for Trochus niloticus. All but nine specimens 
were of these were found at Ashmore Reef. (n= 52) 


on all reefs in the MOU74 Box including Ashmore Reef 
(Russell and Vail 1988), and they were reported to be 
in low abundance on Ashmore Reef during a survey in 
1986 (Wells 1993). By 1994, the catch of trochus in the 
MOU74 Box (excluding Ashmore Reef) was estimated 
from catch data as being under 15 tonnes (Wallner and 
McLoughlin 1996), with the lower catch rates attributed 
to limited availability. The total biomass estimate from 
the current survey of under 5 tonnes, and certainly less 
than 1 tonne excluding Ashmore Reef, indicates a further 
severe depletion. 

The current density of trochus observed at Ashmore 
Reef indicated that the population may have increased 
since the faunal surveys of the 1980s (see above). 
However, it still appears to be heavily depleted when 
compared to similar reefs in Torres Strait and the GBR. 
The highest densities seen during this study, on the 
Ashmore Reef front edge zone, averaged 29.9 trochus 
per ha («=36, range 0-400/ha). The reefs in Torres 
Strait average over 500 trochus per ha for similar 
habitat (algal pavement zone) (Long et al. 1993). Even 
at these densities, the Torres Strait was considered 
heavily exploited and suffering from at least growth 
overfishing, based on an analysis of population size 
frequencies (Nash 1985). In the Swains complex of 
the Great Barrier Reef, fished reefs that had exposed 
reef front areas similar to the reef fronts of reefs in the 
MOU74 Box, had average densities of 761 per ha 
(range 500 per ha to I 100 per ha) (Nash 1985). Based 
on these densities, and egg per recruit analysis, a 
reduction in the level of catch was recommended (Nash 
1985). Average densities on an unfished reef on the 
Great Barrier Reef (Orpheus Island) ranged from I 100/ 
ha to I 800/ha (Castell 1997). 

The depleted trochus population on Ashmore Reef 
may be the result of illegal fishing pressure (S. Tester, 
pers. comm.; this study), or of a slow recovery rate that 
caused by oligospermy (an over-dilution of the gametes, 
which prevents fertilisation in severely depleted 
populations) (Chauvet et al. 1997). 


Despite the depletion of trochus in the study area, 
probably from unsustainable fishing effort, Indonesian 
fishers were still observed fishing for trochus at Scott 
Reef and Cartier Island during this survey (pers. obs.). 

Other reef fauna. The survey was able to produce 
abundance estimates for all species of giant clams 
(Tridacna spp) (Table 10), although the results for T. 
squamosa and T. maxima were combined due to early 
inconsistencies in identifying these similar species. 
While the small burrowing clam T. crocea was the most 
abundant, the larger reef-flat species Hippopus hippopus 
was very common, particularly on Ashmore Reef and 
Cartier Island, with Ashmore Reef having about two- 
thirds the total stock of this species in the study area. 
Hippopus hippopus had a far lower abundance on the 
remaining reefs in the study area reefs, probably due, at 
least in part, to fishing pressure (Wells 1993). 

The other larger species of giant clams all had higher 
abundances on larger reefs with the deep inner lagoons 
such as on Seringapatam Reef and Scott North Reef 
providing excellent habitat for these species. 

Coral mortality. There was a large scale coral 
mortality on the reefs of the study area during early 1998 
with an overall mortality rate of almost 53% (Skewes 
et al. 1999). The mortality rate of hard corals was up to 
76% on the large southern reefs, Scott and Seringapatam. 

In contrast, Ashmore Reef, and Browse and Cartier 
Islands had low or no coral mortality (0-5%). Hibernia 
Reef was intermediate (15%). The level of mortality was 
not the same for all corals in the study area: over 83% 
of branching coral (mostly Acropora), but only 22% of 
massive corals (mostly Porites) had died. The highest 
mortality rates were on the lagoon or protected reef 
edges; areas where branching Acropora corals flourish. 
There did not appear to be a significant mortality of hard 
corals on the shoals. 

The coral mortality observed on the shallow reefs 
during the survey is unlikely to directly impact on the 
abundance of commercial species of holothurians or 
trochus in the short term as they do not rely on live coral 
for food or shelter. One exception may be Holothuria 
edulis, a holothurian that is often associated with 
staghorn (Acropora) fields. However, there may be some 
cascading environmental effects on the shallow reef 
habitats that may affect these populations in the longer 
term in some way (both negative and positive impacts). 

CONCLUSIONS 

Overall, the sedentary marine living resources 
(holothurian and trochus) on the shallow reefs were 
heavily depleted with the high-value species over- 
exploited and the lower-value species probably either 
fully or over-exploited. Despite the low abundance, there 
was a continued high fishing pressure by Indonesian 
fishers in the area. 
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Table 1 0. Mean density and standing stock estimates (with 95% confidence intervals as a percentage of estimate) by reef and for all reefs 
in the study area for giant clams (Tridacna spp.). T. maxima and T. squamosa combined. 


Species 

Reef 

Mean density (it/ha) 

s 2 (mean) 

Total numbers 

95% Cl (%) 

Tridacna crocea 

Ashmore 

3.54 

1.56 

80325 

69.5 

(crocus giant clam) 

Browse 

10.24 

54.98 

4663 

148.8 


Cartier 

12.09 

55.89 

13124 

126.9 


Hibernia 

285.09 

11318.99 

327202 

75.4 


Scott North 

170.29 

4798.61 

1807347 

80.4 


Scott South 

70.90 

193.75 

1020921 

38.7 


Seringapatam 

26.94 

80.90 

148716 

66.6 


Total area 

60.84 

191.55 

3402298 

44.7 

Tridacna spp. 

Ashmore 

0.87 

0.23 

19796 

108.6 

T. maxima 






(elongate giant clam) 

Browse 

5.78 

24.42 

2633 

175.6 

and T. squamosa 

Cartier 

0.64 

0.41 

696 

205.2 

(fluted giant clam) 

Hibernia 

27.26 

149.92 

31292 

90.8 


Scott North 

42.84 

156.59 

454675 

57.7 


Scott South 

3.34 

1.67 

48031 

76.3 


Seringapatam 

13.17 

34.12 

72710 

88.5 


Total area 

11.26 

6.19 

629832 

43.4 

Tridacna derasa 

Ashmore 

0.46 

0.22 

10527 

197.0 

(smooth giant clam) 

Browse 

0.00 

0.00 

0 



Cartier 

0.00 

0.00 

0 



Hibernia 

0.00 

0.00 

0 



Scott North 

4.84 

5.02 

51401 

91.4 


Scott South 

0.99 

0.74 

14239 

171.5 


Seringapatam 

1.99 

2.43 

10960 

156.6 


Total area 

1.56 

0.29 

87126 

67.7 

Hippopus hippopus 

Ashmore 

47.79 

86.65 

1084646 

38.4 

(bear paw clam) 

Browse 

4.85 

23.55 

2209 

205.6 


Cartier 

64.86 

1254.52 

70400 

112.1 


Hibernia 

18.88 

83.68 

21673 

97.9 


Scott North 

9.26 

9.23 

98239 

64.8 


Scott South 

14.78 

21.07 

212776 

61.2 


Seringapatam 

10.55 

38.42 

58226 

117.3 


Total area 

27.69 

16.89 

1548168 

29.1 

Tridacna gigas 

Ashmore 

0.93 

0.43 

21053 

138.6 

(giant clam) 

Browse 

0.00 

0.00 

0 



Cartier 

0.00 

0.00 

0 



Hibernia 

0.58 

0.19 

667 

152.2 


Scott North 

5.13 

9.42 

54470 

118.2 


Scott South 

2.57 

1.63 

36965 

98.2 


Seringapatam 

2.64 

6.96 

14556 

199.7 


Total area 

2.28 

0.59 

127711 

65.8 


The exception was Ashmore Reef, where there were 
still significant populations of most target species. There 
is evidence that the stocks of these species were heavily 
depleted before the reef was declared as a nature reserve 
in 1983, and enforced in the late 1980s. Since this time 
the populations have recovered to the current levels. This 
is a clear indication of the benefits of protecting the stocks 
of these species through the nature reserve. However a 
comparison of the density of the high-value resources 
(high-value holothurian and trochus) to similar reefs in 
Torres Strait suggests that the stocks remain in a depleted 
state. This may be because the stocks are still in a recovery 
phase, or because of some illegal fishing. 


It appears that the sedentary resources in the shoals 
are probably not heavily depleted, and are being 
exploited by a small number of Indonesian fishers. The 
depth of the shoal areas (usually >20 m) currently offers 
some protection from overfishing. 
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APPENDIX 


Stratified sampling techniques. In stratified sampling the 
population of N units is divided into subpopulations ofNI, 
N2, N3,... NL units respectively. If each stratum is homogenous 
in that the measurements vary little from one unit to another, 
a precise estimate of any stratum mean can be obtained in that 
stratum. These estimates can then be combined to give a precise 
estimate for the whole population. The notation of terms used 
for stratified sampling follows below: 


N 

N„ 


n h 
yiu 



total number of possible sampling units in the study area; 
total number of possible sampling units in stratum h; 
actual number of samples taken in stratum h; 
value obtained from fth unit in stratum h; 

stratum h weight; 


f -**■ 
fh ~N h 


n h 

Zyw 

i=l 


sampling fraction in stratum A; 


stratum A mean; 


L 

y„= 2 Why* stratified mean over all strata; 
h=l 

s h 2 sample estimate of stratum A variance; 


v(A) 




h=l 


h=l 


estimated strata variance. 
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ABSTRACT 

Ashmore Reef is a large emergent coral reef system, approximately 227 km 2 in area, located on the edge of the 
continental shelf off the north-west Kimberley coastline. A range of census techniques, including reef walks, manta 
tows, snorkel and SCUBA survey were undertaken to determine the distribution and abundance of trepang and Trochus. 
Thirty-four Trochus were found during the extensive surveys carried out in October 2000 giving a mean density of 
6.4 per hectare upon the reefcrest. A total of 7013 beche-de-mer individuals comprising 19 species were counted. The 
vast majority were found on the reef Hat in less than three metres of water and were of low, or no, commercial value. 
Holothuria leucospilota was the most abundant species (by number) at Ashmore Reef, representing in excess of 
5 million individuals or 83% of all beche-de-mer. In contrast, the high valued commercial species (H. nobilis, H. 
fuscogilva, Thelenota ananas) represented less that one percent of overall numbers. 

Keywords: Ashmore, sea cucumber, Holothuria, beche-de-mer, Trochus, topshell, coral reef. 


INTRODUCTION 

Ashmore Reef is a large emergent reef system, 
approximately 227 km 2 in area, located on the edge of 
the continental shelf off the north-west Kimberley 
coastline (Fig. 1). A conspicuous feature of the reef is 
an extensive reef flat system, consisting of large areas 
of seagrass interspersed with corals and bare sandy flats. 
The extensive seagrass communities support a resident 
dugong population. Three sand cays have formed upon 
the reef flat zone: West, Middle and East Islands. All 
three islands have extensive resident bird populations. 

The reef has two large lagoons. The western lagoon is 
deep (£15 m) with relatively clear water, while the eastern 
lagoon is shallow (<10 m deep) with turbid water. Coral 
communities dominate the reefcrest and slope, with more 
than 256 scleractinian coral species found at Ashmore 
Reef(Veron 1993). Ashmore Reef is part of the MOU74 
Box, an area managed by the Australian Government 
under the terms of an agreement between the Australian 
and Indonesian Governments. While many reefs and 
shoals of the MOU74 Box allow for traditional fishing 
by Indonesian fishers, Ashmore Reef does not. However 
Indonesian fishers in traditional vessels (perahus ) can 
stop-over at Ashmore, replenish water supplies from a 
well on West Island and undertake subsistence fishing 
using a single line (R Domaschenz pers. comm.). In 1983, 
Ashmore Reef was declared a Marine Nature Reserve. 
In 1985, the Department of the Environment and Heritage 


(DEH) established a permanent presence at Ashmore Reef 
during the dry seasons. In May 2000, the ACV Wauri, a 
customs marine vessel, was permanently based at 
Ashmore Reef (all year round). 

Fishing of Holothurians and Trochus. 
Holothurians, also known as trepang, beche-de-mer, or 
sea cucumbers, have been fished for centuries off the 
north-west of Australia. Surveys of the Kimberley Coast 
in the early 1800s encountered numerous Macassan 
fishers (from what is now called Sulawesi) that were 
exploiting beche-de-mer stocks (Horden 1997). After 
1900 the catch expanded to trochus shell and shark fin 
(Anonymous 1989). All three products are well suited 
for preparation and storage at sea using simple methods 
and without requiring refrigeration. 

Trepang is traditionally collected by reef walking 
or shallow breath-hold diving. Certain species are 
preferred, notably Holothuria nobilis (black teatfish), 
Holothuria fuscogilva (white teatfish) and Thelenota 
ananas (prickly redfish). However, as populations of 
these species are reduced, other species are likely to be 
targeted. Once collected, the animals may be cleaned, 
boiled and then sun-dried (Cannon and Silver 1987). 
Trepang is a valuable catch for these fishers as it sells 
for up to AS30 per kilogram in Asia (Caddy 1995). 
Trepang meat is high in protein; however, its value may 
be more related to the belief that it is an aphrodisiac. 

Trochus niloticus , a large marine snail, is collected 
in similar ways to trepang, although the meat of this 
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mollusc is of secondary importance (and probably 
discarded in most instances) to the lustrous shell. The 
mother of pearl shell is used to produce buttons, 
jewellery, ceramics, ornaments, cosmetics and metallic 
paints which are sold in Asia, Europe and America. 

Concern has arisen that stocks of Trochus and trepang 
may have been drastically depleted on all reefs within 
the MOU74 Box. Skewes et al. (1999) carried out an 
extensive survey of both Trochus and trepang and reported 
low to very low densities at most locations. They 
concluded that stocks had been severely depleted 
throughout the whole area of the MOU74 Box. Ashmore 
Reef appears to have the largest populations of any of the 
emergent reefs in the area, even though the resident stocks 
are low in some habitats. Given the possibility that 
Trochus and trepang populations of Ashmore Reef have 
been depleted, it was decide to initiate a monitoring 
program of these stocks. Consequently, the primary aims 
our study were to develop viable census techniques that 
allow for repeatable visual census of the holothurian and 
Trochus populations of Ashmore Reef and to determine 
the current status of the distribution and abundance of 
holothurians and Trochus at Ashmore Reef. 

METHODS 

The high variability of habitat types, depths and 
oceanographic conditions (eg. currents and tidal 
conditions) required the use of a range of census 
techniques to determine the distribution and abundance 
of trepang and Trochus. The census techniques were 
designed to become the baseline surveys for a long¬ 
term monitoring program of Trochus and trepang. 
Surveys were undertaken between 28 September and 
10 October 2000, in all major benthic habitats at 
Ashmore Reef, although weather and logistical 
constraints restricted the level of access to some areas. 

Trochus surveys. The efficiency of surveys for 
Trochus is greatly assisted by the restricted habitat 
preferences of the animals. Trochus is almost exclusively 
found on hard substrata in shallow water that has a high 
current flow. This type of habitat is dominated by 
characteristic species of stony corals, crustose coralline 
algae and turfing algae, which create a complex 
topography, providing both feeding and sheltering areas 
for the snails. At Ashmore Reef this habitat occurs 
predominantly around the reef crest and outermost reef 
flat (Fig. 2). Given the large tidal variation 
(approximately 5 m during spring tides) two different 
census methods were used. 

Reef walks. Reef walks were conducted in daylight 
at low tide to determine the distribution and abundance 
of Trochus niloticus. A total of 6 transects were 
undertaken during the October 2000 expedition. Two 
observers walked a 500 m strip of the reef flat searching 
a 4 m wide strip for Trochus and beche-de-mer (a 2 m 


belt was searched by each observer). Consequently, each 
transect covered an area of 2000 m 2 . Transects ran 
parallel to the reef crest, with a GPS position being taken 
at the beginning and end of each transect (Fig.l). 

Swim surveys. Surveys over deeper, high current 
habitats along the outermost reef flat and upper reef crest 
zone required the use of underwater observations. Use of 
snorkel dives, rather than SCUBA, was selected for work 
in these habitats as they permitted more rapid assessment 
and the depths were not so great that visual survey of the 
benthic community was impaired. At high tide, each of 
three snorkel divers censused a 500 m by 5 m belt 
transect. The three observers swam parallel along the 
outer part of the reef, each surveying a 5 m wide strip of 
the habitat. The outermost diver censused the edge of the 
reef crest and the upper part of the reef slope. The middle 
and inner snorkellers censused the outer reef flat. Each 
snorkeller was approximately 10 m apart and censused a 
5 m strip of the reef. Consequently 7500 nr of reef 
substratum was censused during each swim. The 
coordinates of the start and end point of each transect 
was recorded using a GPS (Fig. I). These swim surveys 
were all conducted in daylight. No snorkel surveys were 
possible on the southern edge of Ashmore Reef because 
of a very large ocean swell that created waves in excess 
of 3 m along the reef edge. 

Beche-de-mer surveys. Three different techniques 
were used to assess distribution and abundance of 
beche-de-mer at Ashmore Reef. 

Reef walks. Reef walks were conducted in daylight al 
low tide to determine the distribution of sea-cucumbers. 
A total of ten 500 in x 4 m strip or belt transects were 
undertaken during the October 2000 expedition. Methods 
followed those of the Trochus reef walks. 

Manta tows. Manta tows allow fora relatively rapid, 
broad-scale assessment of benthic organisms in shallow 
water. The technique involves towing a snorkel diver 
(observer) at a constant speed behind a boat for a 
predetermined distance. The observer holds onto a ‘manta 
board’ attached to a small boat by a 17 m length of rope 
(for methods on manta towing see Bass and Miller 1996). 
Observers make a visual assessment of specific variables 
(depth, habitat type, dominant biota and substrate type) 
and count the number and species of beche-de-mer 
encountered. Counts are written onto waterproof paper 
attached to the manta board. Each manta tow was 500 in 
long by 2 m wide. The coordinates of the beginning and 
endpoints ofeach manta tow were recorded using a GPS 
to allow for each transect tow to be re-surveyed. These 
swim surveys were all conducted in daylight. A total of 
59 manta tows were undertaken during the 2000 census 
expedition. 

Timed swims. Alternative methods were required to 
census beche-de-mer inhabiting depths greater than 
could be effectively surveyed using manta tow. 
Consequently, timed swims were undertaken in daylight 
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Fig. 1 . Ashmore Reef showing the sampling locations for Trochus and beche-de-mer. 



| Deepwater habitat between 12 and 25 metres 
| Reef crest/slope 

□ Reef flat 

□ Shallow water less than 8 metres deep 

□ Sandy subtidal 
HU Sandy intertidal 


Fig. 2. Habitat map of Ashmore Reef showing the six main habitats (modified after Skewes et al. 1999). 
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either by snorkel or SCUBA depending on depth and 
visibility. Each swim was 10 minutes long and was 
undertaken by two observers swimming side by side. 
Observers censused a 2 m wide strip of substrate 
recording holothurian species and abundance. Measures 
of distances swam by observers indicate that 
approximately 250 m was swum in 10 minutes. 
Approximately 1000 m 2 of habitat was censused on 
each swim. 

RESULTS 

Trochus surveys. Extensive trochus surveys were 
undertaken on the northern and eastern Hanks of 
Ashmore Reef (Fig. I). Two species were commonly 
encountered: Trochus niloticus, the commercial species, 
and Tectuspyramis, a smaller, non-commercial species. 
This report focuses only on T. niloticus. 

Only 34 Trochus were found during the extensive 
surveys carried out in October 2000 giving a mean 
density of 6.4 per hectare upon the reef crest (Fig. 2). 
However, we were only able to survey the northern and 
eastern Hank. Skewes et al. (1999) found higher 
numbers (29.9 per ha.) on the exposed southern edge 
indicating we have probably underestimated T. niloticus 
densities. Interestingly, Skewes et al. (1999) and this 
study had similar densities on the sheltered reef edges 
(7.5 vs 6.4 per ha, respectively). However the different 
methodologies make a comparison of the two data sets 
difficult. 

Population age structure was determined by 
measuring the basal width of each trochus. All trochus 
found were greater than 55 mm basal length, with an 
overall mean of 88 mm (Fig. 3). Consequently, most 
individuals would have been sexually mature adults 
(Castell 1997). The complete absence of smaller 
individuals or juveniles is not surprising since 
T. niloticus is extremely cryptic when small. 

Beche-de-mer surveys. A total of 7013 beche-de- 
nier individuals comprising 19 species were counted 
during this Ashmore Reef survey. The vast majority were 
found upon the reef flat in less than three metres of water 
and were of low or no commercial value. The stratified 
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Fig. 3. Mean basal width of all Trochus niloticus found at Ashmore 
Reef (n=34). 


sampling design allowed for an estimate of population 
numbers within each habitat (see Table 1). Holothuria 
leucospilota was the most abundant species (by number) 
at Ashmore Reef representing in excess of 5 million 
individuals or 83% of the all beche-de-mer (Fig. 4). In 
contrast, the high value commercial species (H. nobilis. 
H.fuscogilva and Thelenota ananas) represent less that 
one percent of overall numbers. 

High value commercial beche-de-mer species. A 
total of three commercial species of high value were 
encountered. These were Holothuria nobilis , H. 
fuscogilva and Thelenota ananas (Table 2). Holothuria 
scabra and H. timana , two other high-value species, 
were not found at all during this survey. Skewes et al. 
(1999) also did not report finding these species in their 
1998 surveys, however they were found in surveys in 
the 1970s and 1980s (Russell and Vail 1988). The 
density of high value commercial species was highly 
variable between the different habitats at Ashmore Reef. 
The shallow habitats of the reef crest and reef fiat had 
very low densities of commercial sea cucumbers. For 
example, Holothuria nobilis. the black teatfish, had 
extremely low densities with only three individuals 
found during the survey. In contrast, the deepwater 
habitat of the western lagoon and channel mouths, which 
were surveyed on SCUBA (Fig. I. Table 3) had far 
higher densities of some commercial species. Holothuria 
fusogilva, the white teatfish, was relatively abundant 
in these deepwater habitats. 

Lower value commercial beche-de-mer species. 
Large numbers of lower commercial value beche-de-mer 
were found on the reef fiat (Table 4). These were 
dominated by Holothuria atra (lollyfish). The lollyfish 
was primarily found in reef fiat habitat between 100 m 



Fig. 4. Estimate of the total number ofbeche-de-mer at each species 
at Ashmore Reef. All high commercial value species are included 
in the ‘Other’ category. 
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Table 1 . Estimate of total population size of each beche-de-mer species within each habitat at Ashmore Reef. Only the 15 most abundant 
species are shown. 


Species Name 

Deep 

Lagoon 

Shallow 

Lagoon 

Intertidal 

Zone 

Reef 

Flat 

Reef 

Crest 

Grand Total 

Actinopyga echinites 

8099 

0 

0 

940 

0 

9039 

Bohadscia argus 

5056 

8550 

0 

0 

0 

13 606 

Stichopus chloronotus 

26 289 

96 188 

0 

72 417 

39 918 

234 811 

Holothuria atra 

10 111 

70 538 

0 

381 833 

90 847 

553 329 

Hololhuria edulis 

59 656 

36 338 

0 

0 

1376 

97 370 

Holothuria fuscogilva 

21 233 

0 

0 

0 

0 

21 233 

Holothuria leucospilota 

0 

8550 

0 

5 091 738 

9635 

5 109 923 

Holothuria nobilis 

0 

0 

0 

1881 

1376 

3257 

Holothuria coluber 

0 

0 

0 

1881 

6882 

8763 

Holothuria fuscopunctata 

0 

2138 

0 

0 

2753 

4890 

Holothuria scabra 

4044 

2138 

0 

0 

0 

6182 

Holothuria sp. 

0 

0 

0 

8464 

0 

8464 

Stichopus variegatus 

4044 

42 750 

0 

1881 

0 

48 675 

Thelenota ananas 

10 111 

8550 

0 

0 

0 

18 661 

Thelenota anax 

14 156 

2138 

0 

0 

0 

TOTAL 

16 293 

6 155 874 


non-commercial species to be found in relatively high 
densities was Stichopus chloronotus (greenfish). This 
species was found over all habitats except the intertidal 
zone. 

DISCUSSION 

Holothurian populations. The large size and 
conspicuous nature of the shallow water black teatfish 


Table 2. Density (number per hectare) of high valued beche-de- 
mer species. 


Holothuria 

nobilis 

Holothuria 

fuscogilva 

Thelenota 

ananas 

Total 

Deep lagoon 

0.00 

11.67 

5.56 

17.23 

Shallow lagoon 

0.00 

0.00 

2.50 

2.50 

Intertidal sand 

0.00 

0.00 

0.00 

0.00 

Reef fiat 

0.71 

0.00 

0.00 

0.71 

Reef crest 

0.59 

0.00 

0.00 

0.59 


Table 3. Comparison of black teatfish (H. nobilis) densities 
between the Great Barrier Reef and Ashmore Reef. 


Location 

Density 
no. per ha 

Reference 

GBR reefs 

17.5 

Hammond et al. (1985) 

GBR unfished reefs 

20.94 

Uthicke and Benzie (2000) 

GBR fished reefs 

5.01 

Uthicke and Benzie (2000) 

Ashmore Reef 

0.5 

Russell and Vail (1988) 

Ashmore Reef 

1.85 

Skewes et al. (1999) 

Ashmore Reef 

0.59 reef crest 
0.71 reef flat 

This study 


and 600 m behind the reef crest which was dominated 
by seagrass. Hololhuria edulis was found in relatively 
high abundance in the shallow and deeper lagoon 
habitats at Ashmore Reef. Interestingly, a far higher 
density and species richness of low value beche-de-mer 
was found in the deeper habitats (shallow and deeper 
lagoons) compared to the shallower habitats (reef flat 
and reef crest). 

Non-commercial beche-de-mer species. A single 
species dominated overall numbers of beche-de-mer 
(Table 5). Hololhuria leucospilota (white threads fish) 
had a density of 1289 individuals per hectare on the reef 
flat, far outnumbering any other species. The only other 


(Hololhuria nobilis) make it easily exploited. It is 
possible that this highly commercial beche-de-mer 
species has been severely depleted (Skewes el al. 1999; 
this study). Our surveys covered 94 000 nr of reef area, 
but we only found three black teatfish or 0.79 per ha 
within its preferred reef fiat habitat. In contrast, low 
value or non-commercial species are in relatively high 
to very high densities (Tables 4, 5). For example, 
Hololhuria leucospilota has an overall density of 1289 
individuals per ha. Furthermore, similar reef flats on 
the Great Barrier Reef (that have been fished 
commercially by Australian fishermen in the last ten 
years. Table 3) have average densities of 5 per ha while 
unfished reefs have approximately 20 per ha (Uthicke 
and Benzie 2000). Presuming Ashmore Reef supported 
equivalent densities in the past, it is possible that the 
current low densities are a result of depletion by 
Indonesian fishermen. Previous surveys of Ashmore Reef 
in 1998 (Skewes et at. 1999) and 1987 (Russell and 
Vail 1987) recorded densities of H. nobilis at 1.28 and 
0.5 per ha, respectively. While different methodologies 
make direct comparison of the surveys difficult, it does 
seem likely that initial overexploitation of II. nobilis 
occurred before 1987. The difference in overall density 
of H. nobilis between 1986 (0.5 ind. per ha, Russell 
and Vail 1987), 1998 (1.28 ind. per h, Skewes et al. 
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Table 4. Mean density (number per hectare) of low commercially-valued Hololhtiria species 



H. atra 

H. edutis 

H. graffei 

H. anax 

H. argus 

Total 

Deep lagoon 

5.56 

32.78 

0.00 

7.78 

2.78 

43.90 

Shallow lagoon 

20.63 

10.63 

0.00 

2.50 

0.63 

33.89 

Intertidal sand 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Reef flat 

96.67 

0.00 

0.00 

0.00 

0.00 

96.67 

Reef flat/ crest 

38.82 

0.59 

0.00 

0.00 

0.00 

39.41 


Table 5. Mean density (number per hectare) of non-commercial beche-de-mer species 



Holothuria 

leucospilota 

Stichopus 

cliloronotus 

Stichopus 

variegatus 

Holothuria 

coluber 

Deep lagoon 

0.00 

14.44 

0.00 

0.00 

Shallow lagoon 

2.50 

28.13 

0.00 

0.00 

Intertidal sand 

0.00 

0.00 

0.00 

0.00 

Reef flat 

1289.05 

18.33 

0.63 

0.48 

Reef Oat/ crest 

4.12 

17.06 

0.59 

2.94 


1999) and 2000 (0.79 ind. per ha, this study) could have 
been a result of natural variability, or illegal fishing 
when there was no DEH presence at Ashmore (between 
December 1999 and May 2000), or just a reflection of 
differing methodologies. 

Low-value or non-commercial, reef flat beche-de-mer 
species are still in relatively high to very high densities. 
In some areas, Holothuria leucospilota, a species of no 
commercial value, reached densities of 16 200 per ha. 
Holothuria atra, a species of low commercial value, also 
occurred in relatively high densities at Ashmore Reef 
(Table 4), while on other emergent reefs in the MOU74 
Box this species has been seriously overfished (Skewes 
eta/. 1999). Major overfishing of high value species and 
an economic down-turn in Indonesia are likely to have 
caused a substantial increase in the catch of low-value 
species in the last decade. It remains uncertain, but 
plausible, that the combination of marine reserve status 
and an Australian presence at Ashmore Reef has 
contributed to the greater abundance of H. atra (and other 
low value species) compared to unprotected reefs. 
Importantly, the high abundance of these species on 
Ashmore Reef could provide an important source of 
breeding stock for the area as a whole. However, little is 
presently known about the reproductive biology of these 
species or the potential for biological connectivity 
between populations in the MOU box. However, 
populations of another echinoderm, the blue starfish 
(Linckia laevigata), are closely related over the extent 
of the MOU74 Box indicating high gene flow between 
populations (Williams and Benzie 1996). Future work 
should undertake similar studies on commercially 
important beche-de-mer populations in the MOU74 Box. 

The commercially valuable deeper water holothurian 
species seem to have fared far better than their shallow- 
water counterparts. The white teatfish (//. fuscogilva) 
and the prickly redfish (Thelenota ananas) are 


relatively abundant in the deep western lagoon and 
channel mouths of Ashmore Reef in depths greater than 
15 m. It is likely that the difficulty in free diving to these 
depths has limited fishing" effort and thus provided a 
refuge from Indonesian fishers using traditional methods. 
The lack of previous data (pre-1985) on Ashmore stocks 
makes it difficult to determine the level at which they 
have been fished. However there is no doubt that these 
deeper water species have been fished in the past (see 
Russell and Vail 1988), but probably only in the 
shallower limits of their distribution. 

Troth us niloticus populations. Trochus niloticus 
has been severely depleted throughout the reefs of the 
MOU74 Box (Skewes et al. 1999). The ease of 
collecting trochus has made it particularly vulnerable 
to unsustainable exploitation. Studies of trochus stock 
densities on the GBR have found that 500 or more 
individuals per ha is common, although this species has 
a patchy or clumped distribution (Long et al. 1993; 
Castell 1997). Our data indicate that this species is in 
significantly lower densities at Ashmore Reef, with less 
than 6.4 per ha within its limited habitat (reef crest, Fig. 
2). However, while the northern and eastern flanks of 
Ashmore Reef were adequately surveyed during the 
October 2000 survey, a large swell breaking on the 
southern side during the census period made visual 
counts there impossible. Skewes et al. (1999) found 
higher densities of T. niloticus on the exposed, southern 
edge. Consequently, it is likely that our study 
underestimates total trochus numbers. Future surveys 
should place transects along the southern side to form 
part of the trochus monitoring program and contemplate 
doing surveys at night. 

Recovery times of depleted stocks. Recovery times 
for the shallow water holothurian and trochus 
populations are difficult to determine. Little work has 
been completed to date on the biology and ecology of 
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many of these species, particularly with regard to 
populations in north-western Australia. While large 
adults are present in all depleted species, the high 
dilution of gametes during spawning events may prevent 
successful fertilisation and consequently any subsequent 
recruitment. The timing of spawning in these regions 
will also have a significant bearing on the patterns of 
dispersal and inter-reef connectivity. There is obviously 
a need to increase our basic knowledge of reproductive 
biology of many of these species. Furthermore, there is 
a requirement to get a better understanding of the gene 
flow between different reefs of the MOU74 Box to better 
understand the potential mechanisms of population 
recovery. 

The monitoring program. This study was initiated 
to set up a straightforward, repeatable survey program 
that could facilitate future monitoring of holothurian 
and trochus populations at Ashmore Reef. The high 
diversity of habitats at Ashmore Reef (in terms of depth, 
wave exposure and tides) meant a range of census 
techniques had to be employed. The initial part of the 
expedition was used to refine techniques and assess the 
differing habitats of Ashmore Reef. Monitoring of 
trochus and trepang populations should be carried out 
every two years using the methods described above. 
Additional survey sites should be located on the 
southern edge for trochus and on the south-east reef 
flat for holothurians because these two locations are 
under-represented in the current monitoring program. 
Repeated measures analysis of the resultant data will 
provide a powerful tool to assess stock recovery through 
time. 

CONCLUSIONS 

Though both Trochus and beche-de-mer have been 
exploited (some fully) at Ashmore Reef in the past, 
present stocks are still far healthier than other emergent 
reefs of the area (Skewes et al. 1999). Probably a 
combination of Marine Park status, with its associated 
fishing ban, and a government presence at Ashmore 
Reef in recent years have helped to partially protect 
both trochus and beche-de-mer populations. 
Consequently, Ashmore Reef represents a refuge for 
both low and high-value sedentary species at the 
moment. A long-term monitoring program using the 
methodologies (and sites) mentioned above should be 
implemented to assess the recovery of exploited species 
and the effectiveness of the ongoing management plan. 
If the populations fail to recover, consideration needs to 
be given to implementing a stock enhancement program. 
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ABSTRACT 

The fin-fish and shark resources on the shallow reefs in the Timor Sea MOU74 Box were surveyed by underwater 
visual censuses during October 1998. A total of 19 557 fishes from 17 families and 104 species were recorded during 
the U VC (Underwater Visual Census) surveys at 231 reef-edge sites. Species compositions were similar at each of the 
seven reefs sampled with most species (75) being recorded in the Ashmore Reef National Nature Reserve. The 
overall abundance and biomass of fin-fish, estimated from strip-transect data was twice as precise as the estimates 
from stationary-point data (p=SE/mean, 0.057 cf. 0.103). The estimated density of fin-fish and sharks in the MOU74 
Box was 481 ha 1 while the overall biomass was estimated at 1168 tonnes (± 132 tonnes, 95% Cl). The most abundant 
species in the MOU74 Box was Lutjanus gibbus (390 000 ± 44.7%, 95%CI) whilst Lutjanus bohar dominated by 
weight (158 tonnes ± 32.8%, 95%CI). Reef-sharks Carcharhinus amblyrhynchos and Triaenodon obesus were recorded 
on only 31 occasions, which precluded an accurate assessment of the reef-shark stocks. The three largest reefs, 
Ashmore, Scott North and Scott South, accounted for about 85% of the overall biomass. Only five families, 
Acanthuridae, Balistidae, Labridae, Scaridae and Serranidae, showed significantly different densities between reefs 
and the acanthurids were the only family having greatest density in the Ashmore Reef National Nature Reserve. 
Although the recent fin-fish catches by Indonesian fishers in the MOU74 Box are unknown, results of the underwater 
surveys suggested that the level of traditional fishing up to 1998 had not caused a significant depletion of the fin-fish 
stocks on the shallow reefs. 

Keywords: fin-fish, sharks, UVC, resources, reef-edge habitat, MOU74 Box. 


INTRODUCTION 

The Timor Sea MOU74 Box, off the north-west 
Australian coast, covers approximately 50 000 km 2 
within the Australian Exclusive Economic Zone 
(AEEZ), and contains six shallow reef-systems (Fig. 1). 
These reef-systems cover a total area of approximately 
560 km 3 and support a diverse range of tropical fauna 
and flora (Berry 1993). The marine resources have 
probably been utilized for several centuries with recent 
harvests concentrating on high-value commercial 
species such as trochus, beche-de-mer and shark for 
sale and fin-fish for local consumption (Russell and 
Vail 1988). The Australian Government manages these 
marine resources and traditional fishing by Indonesian 
people is allowed under the terms of a memorandum 
of understanding (MOU74) between the Australian and 
Indonesian governments. Ashmore Reef, which covers 
227 km 2 , was declared a National Marine Nature 
Reserve in 1983 because of its high conservation value. 
A ban on all fishing within the reserve was imposed 
under the terms of the MOU in 1988, to effectively 
prevent the removal of fauna and flora. However, 
traditional fishing for immediate consumption is 
allowed in the West Island lagoon. 


The marine fish and shark resources of the MOU74 
Box have been the focus of several research programs. 
Comprehensive dive surveys of Scott and Seringapatam 
Reefs (Allen and Russell 1986) and Ashmore and 
Cartier Reefs (Allen 1993) documented the shallow- 
reef fish communities within the MOU74 Box. The fish 
communities were similar at each of the reefs surveyed 
and a total of 833 species, typical of tropical Indo- 
Pacific communities, were recorded. Quantitative 
censuses of the lagoon fish communities at Ashmore 
Reef in April and September 1988, in combination with 
traditional catch surveys, provided the first insight into 
the likely impacts of fishing in the MOU74 Box 
(Russell and Vail 1988). The lethrinids, particularly 
Lethrinus ohsoletus , were targeted by fishers as they 
comprised the bulk of the traditional catch but were 
poorly represented in the diver surveys. In general, the 
fish stocks at Ashmore Reef in 1988 were thought to 
be under-exploited as the estimated potential harvest 
(320-400 tonnes) far exceeded the estimated annual 
harvest by traditional fishers (9.38 tonnes). A 
subsequent assessment of the demersal fish catch by 
traditional fishers in the entire MOU74 Box, using the 
assumptions of Russell and Vail (1988) and updating 
the fishing effort, suggested that 52 t offish was landed 
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annually (Wallner and McLoughlin 1996). Again, this 
study suggested that traditional fishing did not 
constitute a threat to the sustainability of demersal fish 
stocks but since some species were targeted it was 
possible there could be localized depletions. 

There has been no quantitative study done to 
determine the abundance and distribution of the fin- 
fish and shark stocks throughout the MOU74 Box. To 
address this lack of information the Fisheries Resources 
Research Fund and Environment Australia 
commissioned CSIRO to undertake a rapid assessment 
of the reef resources in 1998, which included the 
sedentary and fin-fish and shark species in addition to 
the seabed habitats that sustain them (see Skewes et al. 
2005). This paper outlines the results of the fin-fish 
and shark stock surveys and the subsequent assessment 
of the status of these important marine resources. 

METHODS 

Study area and sample design. The study area 
comprised all exposed and sheltered reef-edge habitats 
on Ashmore, Browse, Cartier, Hibernia, Scott North, 
Scott South and Seringapatam reefs (Fig. 1). Initially, 



| Shallow reef (0-15 m) 
Shoal (15-50 m) 


Seringapatam Reef 
(Pulau Aftringan) 


Scott Reefs 
(Pulau Datu) 


/ Browse Island 
(Pulau Berseland) 


I'ig. 1 . Map of the Timor Sea MOU74 Box study area showing the 
shallow reefs (0-15 m) and shoal areas (15-50 m). The boundary 
ot the Australian EEZ and the 200 m isobath are also shown. 


high-resolution Landsat satellite data were used to map 
the shallow-water habitats and to produce provisional 
reef habitat types. The reef-edge perimeters were then 
identified and one sampling site was chosen at random 
from each 1.5 km section to allow the greatest spatial 
coverage. The fin-fish and shark surveys were 
conducted at 231 reef-edge sites on all reefs within the 
MOU74 Box and Hibernia Reef. A more detailed 
explanation of the sample design and locations of the 
sampling sites is provided in Skewes et al. (2005). Field 
sampling was conducted over three weeks in 
September/October 1998. 

Underwater visual censuses (UCVs). The fin-fish 
and shark populations were surveyed at each reef-edge 
site using both stationary-point count and strip-transect 
methods (see Samoilys 1997 for details). As sampling 
was constrained by time it was not possible to conduct 
replicates at each site, hence strip-transects covered a 
much greater area than stationary-point counts. 
Nevertheless, by conducting both methods at each site 
we were able to assess which gave the most precise 
abundance estimate. The range of species surveyed was 
restricted to those known or likely to be commercially 
exploited or used as a food source, particularly species 
attaining large size. Thus several fish families were 
excluded including numerically abundant families such 
as Pomacentridae, Gobiidae, Chaetodontidae and 
Apogonidae. 

At each reef-edge site, located using a portable GPS 
unit, a single diver entered the water and swam about 
20 fin-kicks away from the dinghy. The diver was 
equipped with a datasheet, a Chainman™ measuring 
device and a dive computer. Once at the random point 
the diver descended to 15 m depth and estimated the 
number and size of fishes observed within a 7 m radius. 
There was no time restriction on the stationary-point 
count but duration was generally 5 minutes. On 
completion of the stationary-point count the diver 
attached twine from the Chainman™ to the seabed and 
swam off at an angle oblique to the reef-edge to conduct 
the strip-transect. Thus, the strip-transect covered all 
habitats from 15 m depth to the reef-crest. The diver 
estimated the number and sizes of fishes observed 
within 7 m either side of a 100 m transect, measured 
with the Chainman™. Thus, each stationary-point 
census covered an area of 154 nr and each strip-transect 
census covered an area of 1400 nr. The estimated fish 
lengths were later converted to weights using derived 
length-weight conversions (Weight=a x Length 11 ) 
available in the relevant literature. 

Stock abundance and biomass estimates. 
Stratified mean density and standing stock with 95% 
confidence limits of all fish combined, fish families 
and selected fish species were calculated from 
estimated fish numbers, using methods outlined in 
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Appendix 1. This calculation took into account the 
heterogeneity of abundance and variance in the 
different reef-edge zones (back-edge, front-edge and 
lagoon-edge) at each reef in the study area. The back- 
edge zone was defined as the edges sheltered from wave 
action whilst the front-edge zone included the edges 
exposed to wave action. The area of the reef-edge 
habitat was calculated from actual measurements of the 
reef-edge width, from the reef crest to 15 m depth, and 
the perimeter of each reef calculated using ArcView 
GIS software. 

Total biomass was estimated as the product of the 
estimated abundance and mean fish weight. Data 
collected by stationary-point sampling and strip- 
transect sampling were analysed separately to 
determine which of these methods provided the most 
precise (p=SE/mean) abundance and biomass estimates. 
Differences in fish abundance for separate families 
between reefs were analysed by one-way ANOVA and 
Tukey USD multiple comparisons. These comparisons 
allowed assessment of possible depletions on the 
unprotected reefs. 

Fish sampling. Several fishing methods were used 
to supplement information on the fin-fish and shark 
populations and to identify species not represented in 
the UVC surveys. These methods included baited drop¬ 
lines, trolled lures and, on one occasion, gill netting. 
Drop-lines and trolled lures were used opportunistically 
on or near reef-edges throughout the MOU74 Box. The 
gill net, comprising 4, 5 and 6 inch panels, was set 
overnight on the reef-edge at Seringapatam Reef, 
principally to collect reef sharks and fishes that do not 
take baits or lures. 

RESULTS 

Species compositions. A total of 19 557 fishes from 
17 families and 104 species were recorded during the 
underwater visual count (UVC) surveys at 231 reef- 
edge sites (Appendix 2). The most species-rich families 
were: Serranidae with 18 species; Lutjanidae with 16 
species; Scaridae with 14 species; and Acanthuridae 
with 13 species. Of the species recorded, 89 (86%) were 
previously reported at Ashmore Reef and Cartier Island 
(Allen 1993) or Scott and Seringapatam reefs (Allen 
and Russell 1986). The heaviest species recorded were 
Bolbometopon muricatum, Caranx ignobilis, 
Gymnosarda unicolor and Cheilinus undulatus (mean 
weights 11.2, 7.1, 6.6, and 4.7 kg respectively). 
However, these species were rarely observed and only 
C. undulatus made a significant contribution (50.6 
tonnes estimated biomass, Appendix 3) to the overall 
fin-fish and shark biomass. 

The species compositions were similar at each of 
the reefs surveyed with similar numbers of species 


recorded at Ashmore Reef (75), Scott Reef North (74), 
Scott Reef South (72), Seringapatam Reef (81) and 
Hibernia Reef (60), while fewer species were recorded 
at Cartier Island (49) and Browse Island reefs (27) due 
to the low number of sites sampled there. Ten species 
were ubiquitous and eight species were recorded at only 
one of the seven reefs surveyed (Appendix 2). 

A total of 412 fishes from 17 families and 74 species 
were caught by drop-line, troll-line or gill net during 
the field surveys in the MOU74 Box (Appendix 4), and, 
of these, 60 species (81%) were also observed during 
the UVC surveys. 

Strip-transect versus stationary-point method. 

The overall fin-fish and shark abundance and biomass 
estimated from strip-transect data was more precise 
(p: SE/mean = 0.057) than the estimate from stationary- 
point count data (p = 0.103; Fig. 2). The abundance 
estimates from strip-transects were about half of the 
estimates from stationary-point counts for each of the 
reefs and all reefs combined (Fig. 2). There were similar 
numbers of species observed in the strip-transects and 
stationary-point counts (101 cf. 94) and the average 
estimated fish weight was similar from strip-transects 
and stationary-point counts (508 cf. 483 g). Given the 
greater precision of the strip-transect estimates, 
subsequent analyses of fish abundance and biomass 
were made using strip-transect data. 

Stock abundance and biomass. The estimated 
density of fin-fish and sharks in the MOU74 Box was 
481 ha' 1 (± 12% 95% CL Appendix 5). Using the mean 
estimated fish weight (508 g) provides an equivalent 
biomass of 245 kg ha 1 . The density of fish was highest 
and similar at Scott Reef North (586 ha 1 ) and Ashmore 
Reef (554 ha 1 ) reefs, slightly lower and similar at 
Seringapatam Reef(463 ha 1 ) and Scott Reef South (439 
ha ') reefs, while the smaller reefs (Hibernia Reef, 
Cartier and Browse islands) had the lowest densities 
(352 ha - ’, 336 ha' 1 and 255 ha - ' respectively; 
Appendix 5). 



Fig. 2. Mean densities offish and sharks on the shallow reef-edges 
in the MOU74 Box, estimated from strip-transect data (filled 
circles) and stationary-point data (open circles) by reef and for all 
reels. Error bars represent ±SE. Seringapa = Seringapatam. 
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The estimated total biomass of fin-fish and sharks 
in the MOU74 Box was 1168 tonnes (± 132 tonnes, 
95% Cl, Appendix 5). About 85% of this estimated fish 
biomass came from three reefs (Ashmore Reef, Scott 
Reef North and Scott Reef South) which also accounted 
for ~80% of the total area of reef-edge habitat 
(Appendix 5). The Ashmore Reef National Nature 
Reserve accounted for -25% of the total fin-fish and 
shark biomass in the study area. 

The most abundant fish species was Lutjanus gibbus 
with an estimated population in the MOU74 Box of 
390 000 (± 44.7%) of which 45% came from Ashmore 
Reef (Appendix 3). Although, not as abundant, 
Lutjanus bohar had greater biomass (158 t ±32.8%), 
due to a greater mean size (42 cm cf. 25 cm). These 
species were well represented in traditional catches 
recorded in 1987 (Russell and Vail 1988). 

The densities of fishes from each of 10 of the most 
abundant families at each of the seven reefs surveyed 
were compared to examine their geographic distribution 
and possible depletion at the unprotected reefs (Fig. 3). 
The acanthurids. balistids, labrids, scarids and serranids 
showed significant differences in density between reefs 
(p = 0.004, p = 0.001, p = 0.022, p = 0.004 and p = 
0.001 respectively). The acanthurids were the only 
family showing greatest density in the Ashmore Reef 
National Nature Reserve (Fig. 3). However, over¬ 
fishing was not a likely reason for this difference as 
acanthurids were poorly represented in traditional 
catches (one species and <1% by number) recorded in 
1987 (Russell and Vail 1988). Further, pairwise 
comparisons showed that only Hibernia Reef and Scott 
Reef South were significantly different from Ashmore 
Reef (Tukey HSD; p = 0.029 and p = 0.001 
respectively). Notably, the iethrinids and lutjanids, 
known to comprise the bulk (14 species and >85% by 
number) of the traditional catch (Russell and Vail 1988), 
showed no significant differences among reefs 
(p = 0.483 and p = 0.394 respectively). 

Reef-associated sharks were extremely rare (less 
than 1 ha 1 ) throughout the study area and only two 
species Carcharhinus amblyrhynchos (3 times) and 
Triaenodon obesus (28 times) were observed during 
UVC surveys. The numbers precluded an accurate 
stratified estimate of total biomass. Nevertheless, the 
biomass of reef sharks in the MOU74 Box was 
estimated at 24.1 tonnes. A total of 24 C. 
amblyrhynchos and one C. albimarginatus were caught 
in a gill net set overnight in shallow water (5 m) at 
Seringapatam Reef (Appendix 4). 

DISCUSSION 

The average annual catch of demersal fish taken in 
the MOU74 Box was estimated to be about 52 t up to 
1994 (Wallner and McLoughlin 1996). This catch was 


considered sustainable and it is relatively small when 
compared with the standing stock of fin-fish and sharks 
(1168 tonnes ± 132 tonnes, 95% Cl) estimated by this 
study in 1998. Further, given that the densities of most 
fish families are higher at reefs outside the marine 
reserve that are likely to be more heavily fished, the 
fishing effort up to 1998 appears to have been 
sustainable. 

The efficacy of the marine reserve at Ashmore Reef 
has been questioned, and some traditional fishing is 
permitted there under the terms of the MOU. However, 
the densities of targeted species such as L. bohar , 
L. gibbus and Plectropomus spp. recorded in 1998 
(18.0, 170.0 and 2.1 ha 1 respectively) were comparable 
with densities recorded in 1986 (1.5-12.5, 17.0-105.0 
and 0.5-4.5 ha -1 respectively; Russell and Vail 1988), 
suggesting fish stocks in the reserve are not 
significantly depleted. Further, the estimated maximum 
annual harvest of9.38 t in 1986 (Russell and Vail 1988) 
is small compared to the estimated standing stock of 
fish at Ashmore Reef in 1998 (290 t. Appendix 5). 
However, it is likely that fishing effort has increased 
in the MOU74 Box, and a new study is now required 
to determine the recent catches. 

Our comparisons of fish densities at the unprotected 
reefs with those in the marine reserve assume the reefs 
have similar carrying capacity. Hence, these 
comparisons could be affected by the differences in reef 
edge habitats at the unprotected and protected reefs (as 
discussed below). A more suitable comparison might 
have been permitted if reefs outside the MOU Box, 
such as the Rowley Shoals, were also censused in 1998. 
Nevertheless, previous faunal surveys of the Rowley 
Shoals and Scott Reefs (Allen and Russell 1986) noted 
striking differences in the fish fauna in these 
geographically separated reefs, even though the habitats 
were similar and a comparison of fish abundances at 
these reefs may also be unsuitable. 

In general, the results of this rapid resource 
assessment suggest that the level of fishing effort in 
the Timor Sea MOU74 Box up to 1998 had not caused 
a significant depletion of the fin-fish stocks on the 
shallow reefs. This conclusion must however, be treated 
with caution, because accurate and current catch-data 
are not available for comparison with the estimated 
stock sizes. Further, anecdotal evidence suggests that 
there has been a significant increase in effort in the 
MOU Box as a result of the Asian economic collapse, 
which forced many city workers back to their villages. 
This potential threat to sustainability of the stocks in 
the MOU Box highlights the urgent need for updated 
catch monitoring. 

In contrast to the fin-fish families, reef sharks were 
rarely observed during the UVC surveys in the MOU74 
Box in October 1998. By comparison, reef sharks of 
several species were observed at nearly all sites in 
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Fig. 3. Estimated densities of fishes from each of ten families at each of the seven reefs surveyed in the MOU74 Box in October 1998 and 
for all reefs combined for comparison. Error bars represent ±SE. 
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Torres Strait during reef-edge surveys of similar reef 
habitat (Long et at. 1997). The capture of 25 reef sharks 
(C. amblyrhynchos and C. albimarginatus) in a gill net 
set over-night suggests that these species occupy deeper 
water by day and move to shallow water by night; these 
species are also known to be more active nocturnally 
(Compagno 1984). Nevertheless, the low numbers of 
reef-sharks observed is atypical for oceanic reefs and 
it is possible that fishing has impacted the stocks, 
particularly the carcharinids that are targeted for their 
fins (Russell and Vail 1988). Long-lines were found 
close to the reefs during the 1998 survey. Declining 
catches of shark recorded during 1991 to !994(WaIIner 
and McLoughlin 1996) also suggested the stock was 
being over-fished and further study is required to 
establish the status of the reef shark stocks with greater 
precision. 

The estimated density of fin-fish and shark in the 
MOU74 Box was 481 ha 1 , which is equivalent to about 
245 kg ha’ 1 (Appendix 5). It is difficult to compare these 
estimates to results of other studies of reef-fish 
abundance and biomass since the surveys included only 
a selection of the species present. In a similar study of 
selected “commercial fish" abundance on the fringing 
reef at Niue in the South Pacific, fish density was 
estimated at 3200 to 5000 ha' 1 or 540 to 1550 kg ha’ 1 
(Labrosse et al. 1999). Using quantitative explosive 
charges, Williams and Hatcher (1983) estimated the 
standing crop of all fishes on the outer Great Barrier 
Reef slope to be 1560 kg ha 1 . These comparative 
estimates suggest reef-edge fish abundance and biomass 
in the MOU74 Box are low for tropical reefs. 

The fin-fish communities were similar at each of 
the reefs surveyed in the MOU74 Box. In a more 
comprehensive study of the fish communities, the 
faunal compositions of the Ashmorc-Cartier reefs were 
also found to be similar to the Scott-Seringapatam reefs 
(Allen 1993). However, most of the fin-fish families 
were more abundant at the Scott-Seringapatam reefs 
than at the Ashmore Reef National Nature Reserve. 
These differences in fish abundance likely relate to the 
differences in the reef-edge habitats at the Ashmore- 
Cartierand Scott-Seringapatam reefs. Ashmore-Cartier 
reef-edges generally slope gradually to rubble/sand 
while the Scott-Seringapatam reefs drop steeply into 
oceanic water. Notably, the larger carangids and 
scombrids, including the dog-tooth tuna Gymnosarda 
unicolor, which prefer oceanic habitats, were absent at 
Ashmore Reef and Cartier Island (Appendix 2). The 
two labrid species were significantly (p = 0.007) more 
abundant at Scott Reef North than at Ashmore Reef. 
This was likely due to the habitat differences and 
preference exhibited by the maori wrasse Cheilinus 
undulatus lor steeper, oceanic reel-edge. The serranids, 
including the cods and coral trout, were significantly 
(p = 0.003) more abundant at Seringapatam Reef than 



Difference in mean estimated lengths (cm) 

Fig. 4. Distribution of the differences in mean estimated lengths of 
all fish species for the two divers conducting UVC surveys in the 
MOU74 Box in October 1998. 

at Ashmore Reef. Again, this difference is probably 
related to the preference of this group for steeper, 
oceanic reef-edge habitat. 

The standing stock estimates for the common fin- 
fish species, calculated from stratified means, were 
reasonably precise (95% CL 16.4 to 44.7% of the mean, 
Appendix 3) given the large area of the MOU74 Box 
and the relatively limited sampling. Although there are 
many uncertainties in these estimates, as discussed 
below', the results of this rapid assessment form a useful 
baseline for future studies of fish abundance and the 
impacts of traditional fishing in the MOU74 Box. 

The large overlap in the species compositions 
observed during the UVC surveys and caught during 
fish sampling suggests that the UVC surveys covered 
a suitable range of the fish communities present, 
particularly those likely to be targeted by traditional 
fishers. However, several species previously recorded 
in traditional catches (Russell and Vail 1988) were not 
observed in the present study. Notably, Lethrinus 
lentjan, which comprised 10% of the observed catch 
at Ashmore Reef in 1987 was not observed during the 
UVC surveys. This species, and many of the smaller 
lethrinids occupy shallow seagrass and sand/rubble 
habitats and it is likely these habitats were under¬ 
sampled in the present study, since lagoon patch reefs 
were not surveyed. 

Our results indicated that the abundance estimates 
from strip-transects were more precise than those from 
stationary-point counts. However, a more efficient 
comparison would account for the difference in area 
covered by each method (1400 cf. 154 nr) and the range 
of habitats covered (reef-crest to 15 m cf. 15 m). The 
greater precision achieved using strip-transects 
probably relates to the larger area covered and 
therefore, the greater likelihood of observing more 
species and individuals in any one census. The lower 
abundance recorded using strip-transects probably 
relates to the coverage of all reef-edge habitats rather 
than only those at 15 m depth. 


190 









Fin-fish and shark resources on the shallow reefs in the Timor Sea MOU74 Box 


Uncertainties in the stock assessment. Although 
underwater visual census (UVC) is a widely used 
method to estimate the abundance and biomass of fishes 
in shallow reef habitats, several factors, other than 
method chosen, can seriously affect the accuracy and 
precision of the estimates. Based on the limitations of 
these factors, the suitability of visual census techniques 
for estimating reef fish abundance has been reviewed 
(Thresher and Gunn 1986) and tested (St. John et at. 
1990). One of the main limiting factors is the depth 
constraint imposed and the possibility that the full 
distribution is not covered. In this study we restricted 
the surveys to 15 m so that several sites could be dived 
each day and on the basis that most species of concern 
mainly occupy this depth range. The fish species 
selected should be suitable subjects for UVC surveys. 
Samoilys (1997) suggested that fish should be highly 
visible, diurnal, not significantly underestimated by 
UVC and identifiable to species level. We accounted 
for these criteria in planning the 1998 survey, but it is 
probable some species were underestimated due to 
diver avoidance and cryptic behaviour. In any case, such 
factors will lead to a more conservative abundance 
estimate. The experience and ability of each diver to 
identify species and estimate number and size of fishes 
may also lead to inaccuracies in the stock estimates. In 
this study, we used only two divers, each with previous 
experience in UVC surveys. Of the 52 most common 
species observed in this study, the difference in mean 
estimated sizes was less than 5 cm for 43 species (Fig. 
4). However, there were large differences in the mean 
estimates for two large species Cheilinus undulatus and 
Lutjanus rivulatus, which will affect the accuracy of 
the estimated biomass. 

The greatest uncertainty in the current assessment 
of fish stock status, and particularly sustainability of 
current fishing levels, is the paucity of recent catch data 
for the Indonesian fishery, both in terms of family/ 
species composition and reliable tonnage. These data 
would be extremely difficult to obtain in this traditional 
fishery and would rely on extensive creel surveys to 
ensure the catch was estimated accurately. 
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appendix 1 . 


Stratified sampling techniques. In stratified sampling the 
population of N units is divided into subpopulations of Nl, N2, 
N3 NL units respectively. If each stratum is homogenous in 
that the measurements vary little from one unit to another, a 
precise estimate of any stratum mean can be obtained in that 
stratum These estimates can then be combined to give a precise 
estimate for the whole population. The notation of terms used for 
stratified sampling follows below. 


N 

N„ 


n h 

yu 



fh ~N„ 


total number of possible sampling units in the study area; 
total number of possible sampling units in stratum h; 
actual number of samples taken in stratum h; 
value obtained from ith unit in stratum h; 

stratum h weight; 
sampling fraction in stratum h; 


n h 

2>hi 

. = —— stratum h mean; 

yh n„ 

L 

y si= Jw h y t stratified mean over all strata; 

h=l 

sample estimate of stratum h variance; 


v( S,) 






h=l 


Z-A 

h=l 


N ) 


estimated strata variance. 
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APPENDIX 2. Summary table listing species observed during UVC surveys in the MOU74 Box in October 1998 and their 
occurrence at each of the seven reefs visited. (+) = present, (-) = absent. 


Family 

Species Ashmore 

Browse 

Cartier 

Hibernia 

Scott 

North 

Scott 

South 

Seringapatai 

Acanthuridae 

A cant hums bariene + 

- 

+ 

4 " 

- 

- 

4 - 

Acanthuridae 

Acanthurus dussumieri + 

- 

- 

- 

+ 

- 

4 - 

Acanthuridae 

Acanthunts lineatus + 

- 

+ 

- 

+ 

+ 

4 - 

Acanthuridae 

Acanthurus olivaceus + 

+ 

4 - 

4 - 

- 

+ 

4 - 

Acanthuridae 

Acanthurus xanthopterus + 

+ 

4 - 

+ 

+ 

+ 

4 - 

Acanthuridae 

Naso annulatus 

- 

- 

- 

+ 

- 

4 - 

Acanthuridae 

Naso brachycentron + 

+ 

+ 

4 - 

4 - 

+ 

4 - 

Acanthuridae 

Naso brevirostris + 

+ 

4 - 

+ 

+ 

+ 

4 - 

Acanthuridae 

Naso hexacanthus 

+ 

4 - 

- 

+ 

4 - 

4 - 

Acanthuridae 

Naso lituratus + 

- 

4 - 

4 - 

- 

- 

4 - 

Acanthuridae 

Naso tuberosus + 

- 

- 

- 

- 

- 

- 

Acanthuridae 

Naso unicornis + 

- 

4 - 

+ 

- 

+ 

4 - 

Acanthuridae 

Naso vlamingii + 

- 

4 - 

+ 

+ 

4 - 

4 - 

Balistidae 

Balistapus undulatus + 

- 

4 - 

+ 

4 - 

- 

4 - 

Balistidae 

Balistoides conspicillum + 

- 

4 - 

+ 

+ 

+ 

4 - 

Balistidae 

Balistoides viridescens + 

- 

4 - 

+ 

4 - 

+ 

4 - 

Balistidae 

Pseudobalistes flavimarginatus - 

- 

+ 

+ 

+ 

+ 

4 - 

Carangidae 

Carangoides ferdau + 

4 - 

- 

- 

4 - 

- 

- 

Carangidae 

Carangoides fulvoguttatus 

4 - 

- 

+ 

- 

- 

- 

Carangidae 

Carangoides plagiotaenia 

- 

- 

- 

- 

- 

4 - 

Carangidae 

Caranx ignobilis + 

- 

- 1 - 

4 - 

4 - 

+ 

4 - 

Carangidae 

Caranx lugubris 

- 

- 

- 

4 - 

4 - 

4 - 

Carangidae 

Caranx melantpygus + 

+ 

4 - 

4 - 

4 - 

4 - 

+ 

Carangidae 

Caranx sexfasciatus 

4 - 

- 

- 

- 

- 

4 - 

Carangidae 

Elegalis bipinnulata 

- 

- 

- 

+ 

4 - 

- 

Carangidae 

ScomberoideS lysan + 

- 

- 

- 

- 

+ 

- 

Carcharhinidae 

Carcharhinus amblyrhynchos + 

- 

- 

- 

- 

+ 

+ 

Dasyatididae 

Dasyatis kuhlii + 

- 

4 - 

+ 

4 - 

4 - 

4 - 

Haemulidae 

Diagramma picttim + 

- 

- 

- 

- 

+ 

4 - 

Haemulidae 

Plectorhinchus cliaetodonoides + 

4 - 

- 

+ 

+ 

4 - 

4 - 

Haemulidae 

Plectorhinchus gibbosus 

4 - 

- 

- 

- 

- 

- 

Haemulidae 

Plectorhinchus goldmanni + 

+ 

+ 

4 - 

4 - 

- 

4 - 

Haemulidae 

Plectorhinchus orientals + 

- 

4 - 

4 - 

- 

- 

- 

Hemigaleidae 

Triaenodon obesus + 

4 - 

4 - 

+ 

4 - 

4 - 

4 - 

Holocentridae 

Sargocentmn sp. + 

- 

- 

- 

+ 

4 - 

4 - 

Kyphosidae 

Kyphosus cinerascens + 

- 

+ 

- 

+ 

4 - 

4 - 

Labridae 

Cheilinus fasciatus 

- 

4 - 

+ 

- 

4 - 

- 

Labridae 

Cheilinus undulatus + 

4 - 

- 

- 

4 - 

4 - 

4 - 

Lethrinidae 

Gnathodentex aurolineatus + 

- 

- 

- 

+ 

+ 

4 - 

Lethrinidae 

Gyntnocranius grandoculis 

- 

- 

- 

4 - 

- 

- 

Lethrinidae 

Lethrinus atkinsoni + 

- 

4 - 

- 

- 

- 

- 

Lethrinidae 

Lethrinus erythropterus 

- 

- 

+ 

4 - 

4 - 

4 - 

Lethrinidae 

Lethrinus harak 

- 

- 

- 

+ 

+ 

- 

Lethrinidae 

Lethrinus obsolctus + 

- 

- 

- 

4 - 

+ 

4 - 

Lethrinidae 

Lethrinus olivaceus + 

4 - 

- 

4 - 

+ 

4 - 

4 - 

Lethrinidae 

Lethrinus xanthochilus + 

- 

- 

4 - 

+ 

4 - 

4 - 

Lethrinidae 

Monotaxis grandoculis + 

- 

4 - 

4 - 

4 - 

+ 

4 - 

Lutjanidae 

Aphareus fiuva 

- 

- 

+ 

4 - 

+ 

4 - 

Lutjanidae 

Aprion virescens + 

- 

4 - 

+ 

4 - 

+ 

4 - 

Lutjanidae 

Lutjanus boltar + 

4 - 

4 - 

4 - 

4 - 

4 - 

4 - 

Lutjanidae 

Lutjanus decussatus + 

4 - 

4 - 

4 - 

4 - 

4 - 

4 - 
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Lutjanidae 

Lutjanus fulvijlamma 

+ 

Lutjanidae 

Lutjanus fiilvus 

+ 

Lutjanidae 

Lutjanus gibbus 

+ 

Lutjanidae 

Lutjanus kasmira 

+ 

Lutjanidae 

Lutjanus lutjanus 

+ 

Lutjanidae 

Lutjanus monostigma 

+ 

Lutjanidae 

Lutjanus rivulatus 

+ 

Lutjanidae 

Lutjanus vitta 

- 

Lutjanidae 

Macolor macularis 

+ 

Lutjanidae 

Macolor niger 

+ 

Lutjanidae 

Symphorichthys spilurus 

- 

Lutjanidae 

Symphorus nematophorus 


Scaridae 

Bolbomelopon muricatum 

- 

Scaridae 

Cetoscarus bicotor 

+ 

Scaridae 

Chlorurus bleekeri 

+ 

Scaridae 

Chlorurus microrhinos 

+ 

Scaridae 

Chlorurus sordidus 

+ 

Scaridae 

Hipposcarus longiceps 

+ 

Scaridae 

Scams jlavipectoralis 

+ 

Scaridae 

Scants frenatus 

+ 

Scaridae 

Scants ghobban 

+ 

Scaridae 

Scants niger 

- 

Scaridae 

Scarus oviceps 

- 

Scaridae 

Scarus rubroviolaceus 

+ 

Scaridae 

Scams schlegeti 

+ 

Scaridae 

Scams sp. 

+ 

Scombridae 

Grammatorcynus bilineatus 

- 

Scombridae 

Gymnosarda unicolor 

- 

Serranidae 

Aethaloperca rogaa 

+ 

Serranidae 

A nyperodon leucogrammicus 

+ 

Serranidae 

Cephalopholis atgus 

+ 

Serranidae 

Cephalopholis miniata 

+ 

Serranidae 

Cephalopholis urodeta 

- 

Serranidae 

Epinephetus fascia tus 

+ 

Serranidae 

Epinephelus fuscoguttatus 

+ 

Serranidae 

Epinephelus maculatus 

+ 

Serranidae 

Epinephelus merra 

+ 

Serranidae 

Epinephelus polyphekadion 

+ 

Serranidae 

Epinephelus spilotoceps 

- 

Serranidae 

Gracila albimarginata 

- 

Serranidae 

Plectropomus areolatus 

- 

Serranidae 

Plectropomus laevis 

+ 

Serranidae 

Plectropomus leopardtts 

+ 

Serranidae 

Plectropomus oligocanthus 

- 

Serranidae 

Variola albimarginata 

+ 

Serranidae 

Variola loud 

- 

Siganidae 

Siganus argenteus 

+ 

Siganidae 

Siganus doliatus 

+ 

Siganidae 

Siganus fuscescens 

+ 

Siganidae 

Siganus puellus 

+ 

Siganidae 

Siganus punctatissimus 

+ 

Siganidae 

Siganus vulpinus 

+ 

Sphyraenidae 

Sphyraena barracuda 

+ 


+ 

- 

- 

+ 



+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

- 

4 - 

+ 

+ 


+ 

+ 

4 - 

4 - 

+ 

+ 

- 

+ 

- 

4 - 

+ 

+ 

- 

- 

- 
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+ 
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4 - 

_ 

_ 

+ 

4 - 

+ 

4 - 

- 

- 

- 

4 - 

4 - 

4 - 
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APPENDIX 3. Standing stock estimates and 95% confidence intervals by reef and for all reefs in the MOU74 Box for the most 
common fish species. 


Species 

Reef 

Mean abundance 
(#/Ha) (Mean) 

Variance 
Total numbers 

Total weight 
(0 

95% Cl 
(%) 

Acanthurus xanlhopterus 

Ashmore 

52.48 

139.71 

53960 

3.2 

45.4 


Browse 

41.67 

440.19 

4239 

0.3 

123.2 


Cartier 

16.96 

55.37 

2490 

0.1 

103.7 


Hibernia 

2.35 

2.46 

661 

0.0 

143.4 


Scott Nth 

25.02 

54.76 

22740 

1.4 

59.4 


Scott Sth 

21.59 

18.08 

41059 

2.5 

39.2 


Seringapatam 

17.95 

80.75 

7212 

0.4 

102.7 


Total area 

27.74 

12.18 

132360 

7.9 

24.8 

Plectorhinchus chaetodonoides 

Ashmore 

3.68 

3.81 

3789 

2.5 

106.6 


Browse 

1.19 

1.42 

121 

0.1 

244.7 


Cartier 

0.00 

0.00 

0 

0.0 

0.0 


Hibernia 

3.89 

7.60 

1096 

0.7 

151.9 


Scott Nth 

5.80 

1.94 

5272 

3.5 

48.2 


Scott Sth 

6.51 

2.67 

12376 

8.1 

50.0 


Seringapatam 

13.89 

55.30 

5582 

3.7 

109.8 


Total area 

5.92 

1.09 

28235 

18.6 

34.8 

Plectropomus spp. 

Ashmore 

2.05 

0.68 

2112 

0.8 

81.1 


Browse 

0.00 

0.00 

0 

0.0 

0.0 


Cartier 

0.00 

0.00 

0 

0.0 

0.0 


Hibernia 

4.98 

2.92 

1402 

0.5 

73.6 


Scott Nth 

13.56 

4.21 

12328 

4.6 

30.4 


Scott Sth 

14.15 

3.07 

26916 

10.0 

24.7 


Seringapatam 

14.92 

5.59 

5997 

2.2 

32.5 


Total area 

10.22 

0.72 

48753 

18.1 

16.4 

Epinephelus spp. 

Ashmore 

1.77 

0.36 

1820 

1.4 

68.6 


Browse 

1.19 

1.42 

121 

0.1 

244.7 


Cartier 

0.00 

0.00 

0 

0.0 

0.0 


Hibernia 

0.46 

0.21 

130 

0.1 

214.5 


Scott Nth 

4.04 

1.31 

3676 

2.8 

56.8 


Scott Sth 

1.99 

0.19 

3788 

2.9 

43.3 


Seringapatam 

3.72 

1.03 

1497 

1.1 

56.0 


Total area 

2.31 

0.10 

11032 

8.4 

27.3 

Cephalopholis spp. 

Ashmore 

8.77 

3.16 

9018 

2.9 

40.8 


Browse 

1.19 

1.42 

121 

0.0 

244.7 


Cartier 

8.67 

11.12 

1273 

0.4 

91.0 


Hibernia 

9.27 

4.84 

2609 

0.8 

50.9 


Scott Nth 

6.74 

1.03 

6126 

2.0 

30.3 


Scott Sth 

6.92 

1.23 

13158 

4.2 

31.9 


Seringapatam 

11.02 

8.26 

4430 

1.4 

53.5 


Total area 

7.70 

0.47 

36735 

11.7 

17.5 

Chlorurus microrhinos 

Ashmore 

2.82 

3.93 

2900 

2.8 

141.6 


Browse 

0.00 

0.00 

0 

0.0 

0.0 


Cartier 

5.99 

29.65 

880 

0.9 

214.9 


Hibernia 

1.34 

0.52 

378 

0.4 

114.8 


Scott Nth 

13.11 

11.09 

11916 

11.6 

51.0 


Scott Sth 

11.78 

13.70 

22397 

21.8 

62.5 


Seringapatam 

15.93 

9.36 

6403 

6.2 

39.4 


Total area 

9.41 

2.86 

44874 

43.6 

35.4 

Hipposcarus longiceps 

Ashmore 

6.52 

3.18 

6706 

1.8 

55.1 


Browse 

0.00 

0.00 

0 

0.0 

0.0 


Cartier 

4.44 

8.33 

651 

0.2 

153.8 


Hibernia 

17.66 

17.29 

4972 

1.3 

50.5 


Scott Nth 

34.71 

67.71 

31553 

8.3 

47.6 


Scott Sth 

32.92 

39.58 

62603 

16.5 

38.0 


Seringapatam 

25.41 

76.95 

10213 

2.7 

70.8 


Total area 

24.46 

9.51 

116697 

30.8 

24.8 

Cetoscarus bicolor 

Ashmore 

1.38 

0.27 

1415 

1.1 

76.3 


Browse 

0.00 

0.00 

0 

0.0 

0.0 
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Cartier 

5.41 

14.66 

795 

0.6 

167.2 


Hibernia 

3.19 

3.09 

898 

0.7 

118.2 


Scott Nth 

3.35 

0.89 

3047 

2.3 

56.5 


Scott Sth 

1.11 

0.23 

2107 

1.6 

85.7 


Seringapatam 

9.90 

5.12 

3980 

3.0 

46.9 


Total area 

2.57 

0.14 

12242 

9.4 

28.9 

Macolor niger 

Ashmore 

6.27 

3.28 

6447 

4.1 

58.2 


Browse 

11.90 

22.68 

1211 

0.8 

97.9 


Cartier 

3.08 

1.83 

452 

0.3 

103.9 


Hibernia 

6.30 

7.17 

1773 

1.1 

91.1 


Scott Nth 

34.75 

82.55 

31591 

20.1 

52.5 


Scott Sth 

34.39 

113.69 

65415 

41.7 

61.7 


Seringapatam 

48.69 

347.47 

19564 

12.5 

78.6 


Total area 

26.50 

23.72 

126453 

80.6 

36.2 

Lutjanus gibbus 

Ashmore 

170.73 

3151.81 

175553 

57.9 

66.2 


Browse 

3.57 

12.76 

363 

0.1 

244.7 


Cartier 

57.40 

1171.66 

8427 

2.8 

141.0 


Hibernia 

8.37 

47.91 

2356 

0.8 

177.4 


Scott Nth 

122.70 

4727.77 

111528 

36.8 

112.4 


Scott Sth 

37.46 

126.01 

71243 

23.5 

59.6 


Seringapatam 

49.98 

616.18 

20082 

6.6 

101.9 


Total area 

81.65 

343.68 

389551 

128.5 

44.7 

Lutjanus decussatus 

Ashmore 

16.26 

4.10 

16720 

3.1 

25.1 


Browse 

1.19 

1.42 

121 

0.0 

244.7 


Cartier 

14.49 

31.48 

2127 

0.4 

91.6 


Hibernia 

12.85 

29.98 

3616 

0.7 

91.4 


Scott Nth 

21.08 

18.62 

19161 

3.6 

41.1 


Scott Sth 

25.65 

22.76 

48786 

9.2 

37.0 


Seringapatam 

10.67 

3.69 

4287 

0.8 

36.9 


Total area 

19.87 

4.64 

94818 

17.8 

21.4 

Lutjanus bohar 

Ashmore 

18.81 

35.22 

19343 

26.2 

63.5 


Browse 

11.90 

19.27 

1211 

1.6 

90.2 


Cartier 

16.22 

119.63 

2381 

3.2 

159.5 


Hibernia 

20.53 

78.95 

5780 

7.8 

92.8 


Scott Nth 

26.09 

46.10 

23712 

32.1 

52.2 


Scott Sth 

29.56 

78.08 

56214 

76.2 

59.5 


Seringapatam 

18.96 

50.80 

7620 

10.3 

77.1 


Total area 

24.37 

16.47 

116261 

157.6 

32 8 

Monotaxis grandoculis 

Ashmore 

12.39 

28.92 

12738 

8.2 

87.4 


Browse 

0.00 

0.00 

0 

0.0 

0.0 


Cartier 

29.38 

486.11 

4313 

2.8 

177.5 


Hibernia 

10.38 

22.32 

2921 

1.9 

97.7 


Scott Nth 

19.21 

32.06 

17462 

11.3 

59.1 


Scott Sth 

12.73 

8.87 

24208 

15.6 

46.6 


Seringapatam 

12.15 

15.07 

4881 

3.2 

65.6 


Total area 

13.94 

4.56 

66523 

43.0 

30 

Lethrinus erythropterus 

Ashmore 

0.00 

0.00 

0 

0.0 

0 0 


Browse 

0.00 

0.00 

0 

0.0 

0.0 


Cartier 

0.00 

0.00 

0 

0.0 

0.0 


Hibernia 

1.06 

0.36 

299 

0.1 

121 2 


Scott Nth 

6.55 

1.65 

5951 

1.6 

39.4 


Scott Sth 

6.87 

1.70 

13060 

3.5 

37 8 


Seringapatam 

10.75 

34.53 

4321 

1.2 

112.1 


Total area 

4.95 

0.58 

23630 

6.3 

30 2 

Cheilinus undulatus 

Ashmore 

0.53 

0.15 

547 

2.4 

147.8 


Browse 

1.19 

1.42 

121 

0.5 

244.7 


Cartier 

0.00 

0.00 

0 

0.0 

0 0 


Hibernia 

0.00 

0.00 

0 

0.0 

0.0 


Scott Nth 

6.97 

2.59 

6339 

28.2 

46 3 


Scott Sth 

1.78 

0.27 

3389 

15.1 

57 7 


Seringapatam 

2.56 

0.80 

1027 

4.6 

71.6 


Total area 

2.39 

0.15 

11423 

50.9 

'U 8 
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APPENDIX 4. Summary table listing species caught by drop lines, troll lines or gill nets during field surveys in the MOU74 Box in 
1998. Minimum, maximum and mean length (in cm), and number of each species caught are shown. 


Family 

Species 

Min 

Max 

Mean 

Count 

Acanthuridae 

Acanthurus bariene 

24 

24 

24 

2 

Acanthuridae 

Acanthums dussumieri 



46 

1 

Acanthuridae 

Acanthurus olivaceus 



20 

1 

Acanthuridae 

Naso annulatus 



26 

1 

Acanthuridae 

Naso braehycentron 



21 

1 

Acanthuridae 

Naso hrevirostris 



30 

1 

Balistidae 

Balistapus undulatus 

21 

23 

22 

2 

Balistidae 

Balistoides viridescens 

47 

53 

50 

2 

Balistidae 

Odonus niger 



13 

1 

Balistidae 

Sufflamen Jraenatus 



29 

1 

Belonidae 

Tylosurus crocodiles 

65 

95 

83 

4 

Carangidae 

Carangoides fidvoguttatus 

36 

38 

37 

2 

Carangidae 

Carangoides plagiotaenia 



31 

1 

Carangidae 

Caranx ignobilis 

81 

101 

91 

3 

Carangidae 

Caranx lugubris 

33 

52 

48 

6 

Carangidae 

Caranx melampygus 

50 

62 

56 

4 

Carangidae 

Caranx Sexfasciatus 

46 

56 

50 

7 

Carangidae 

Elegatis bipinnulata 

52 

65 

60 

5 

Carangidae 

Scombcroides lysan 



50 

1 

Carcharhinidae 

Carcharhinus albimarginatus 



79 

1 

Carcharhinidae 

Carcharhinm amblyrhynchos 

56 

127 

75 

24 

Ginglymostomatidae 

Nebrius ferrugineus 



57 

1 

Haemulidae 

Plectorhinchus chaetodonoides 



34 

1 

Hemigaleidae 

Triaenodon obesus 

73 

120 

90 

11 

Holocentridae 

Sargocentron sp. 



26 

1 

Holocentridae 

Sargocentron nibrum 



31 

1 

Labridae 

Cheilinus undulatus 

50 

60 

55 

2 

Labridae 

Halichoeres chrysus 



21 

1 

Lethrinidae 

Gymnocranius grandoculis 



36 

1 

Lethrinidae 

Lethrinus atkinsoni 

16 

28 

21 

27 

Lethrinidae 

Lethrinus erythropterus 

23 

50 

31 

6 

Lethrinidae 

Lethrinus harak 

19 

30 

21 

12 

Lethrinidae 

Lethrinus miniatus 

23 

47 

30 

4 

Lethrinidae 

Lethrinus obsoletus 

22 

31 

26 

7 

Lethrinidae 

Lethrinus olivaceus 

45 

68 

53 

5 

Lethrinidae 

Lethrinus rubrioperculatus 

21 

35 

30 

14 

Lethrinidae 

Lethrinus sp. 

29 

38 

32 

4 

Lethrinidae 

Lethrinus xanthochilus 



39 

1 

Lutjanidae 

Aprion virescens 

40 

76 

54 

18 

Lutjanidae 

Lutjanus bohar 

24 

60 

46 

12 

Lutjanidae 

Lutjanus decussatus 

20 

26 

23 

27 

Lutjanidae 

Lutjanus gibbus 

24 

38 

30 

33 

Lutjanidae 

Lutjanus kasmira 



20 

1 

Lutjanidae 

Lutjanus monostigma 



30 

1 

Pempheridae 

Pempheris anal is 



21 

1 

Scaridae 

Cetoscarus bicolor 

37 

46 

42 

5 

Scaridae 

Chlorunts microrhinos 

37 

51 

42 

4 

Scaridae 

Chlorurus sordidus 



19 

1 

Scaridae 

Hipposcarus longiceps 



36 

1 

Scaridae 

Scants frenatus 



16 

1 

Scaridae 

Scants niger 



26 

1 

Scaridae 

Scarus oviceps 

20 

33 

28 

3 

Scaridae 

Scarus spinus 



20 

1 

Scombridae 

Euthynnus affinis 

57 

60 

58 

2 

Scombridae 

Grammatorcynus bilineatus 



51 

1 

Scombridae 

Gymnosarda unicolor 

55 

107 

79 

14 

Scombridae 

Scomberomorus commerson 

60 

115 

84 

4 

Serranidae 

Anyperodon leucogrammicus 



37 

1 

Serranidae 

Cephalopholis atgus 



30 

1 
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Serranidae 

Cephalopholis miniata 

27 

32 

29 

4 

Serranidae 

Cephalopholis spiloparaea 



21 

1 

Serranidae 

Epinephelus fasciatus 

22 

28 

25 

2 

Serranidae 

Epinephelus fuscoguttatus 



41 

1 

Serranidae 

Epinephelus maculatus 

26 

38 

32 

2 

Serranidae 

Epinephelus merra 



17 

1 

Serranidae 

Epinephelus ongus 



23 

1 

Serranidae 

Epinephelus poly phekadion 

20 

47 

34 

26 

Serranidae 

Plectropomus areolatus 

27 

54 

38 

16 

Serranidae 

Pleciropomus laevis 

54 

60 

57 

2 

Serranidae 

Plectropomus leopardus 

24 

62 

36 

22 

Serranidae 

Plectropomus oligocanthus 

41 

58 

48 

12 

Serranidae 

Variola albimarginata 

21 

31 

26 

6 

Sphyraenidae 

Sphyraena barracuda 

60 

110 

75 

8 

Sphyraenidae 

Sphyraena putnamae 

35 

100 

60 

5 





Total 

412 


APPENDIX 5. Stock size estimates by reef and zone in the MOU74 Box in October 1998 for fin-fish and reef sharks combined, 
using strip-transect data. 


REEF 

ZONE 

Sites 

N 

h 

AreaHa 

Reef 

VV 

h 

Total 

W 

h 

Y 

h 

Var 

S 2 

h 

Reel 

Y 

St 

Reef 

V( Y) 

Total 

Y 

Total 
V( Y ) 

Ashmore 

Back edge 

7 

160.25 

0.156 

0.034 

1088.78 

1363466.96 

169.68 

4730.96 

36.57 

219.75 

Ashmore 

Front edge 

27 

688.68 

0.670 

0.144 

438.89 

69031.92 

293.96 

1146.95 

63.35 

53.27 

Ashmore 

Lagoon edge 

11 

179.30 

0.174 

0.038 

516.88 

139370.13 

90.13 

385.26 

19.43 

17 89 

Browse 

Front edge 

6 

101.73 

1.000 

0.021 

254.76 

36544.22 

254.76 

6090.70 

5.43 

2 77 

Cartier 

Back edge 

3 

35.52 

0.242 

0.007 

438.10 

132874.15 

105.99 

2592.30 

3.26 

2 45 

Cartier 

Front edge 

4 

111.29 

0.758 

0.023 

303.57 

9336.73 

230.13 

1341.40 

7.08 

1 ?7 

Hibernia 

Back edge 

6 

109.23 

0.388 

0.023 

307.14 

21000.00 

119.19 

527.08 

7.03 

1 83 

Hibernia 

Front edge 

6 

161.25 

0.573 

0.034 

360.71 

35974.49 

206.64 

1967.59 

12.19 

(■> 85 

Hibernia 

Lagoon edge 

2 

11.00 

0.039 

0.002 

671.43 

117959.18 

26.24 

90.07 

1.55 

0.31 

Scott North 

Back edge 

9 

131.96 

0.145 

0.028 

675.40 

74350.91 

98.06 

174.13 

18.68 

6 32 

Scott North 

Front edge 

19 

332.59 

0.366 

0.070 

722.93 

718172.22 

264.52 

5060.65 

50.40 

183 69 

Scott North 

Lagoon edge 

24 

444.40 

0.489 

0.093 

456.55 

68615.42 

223.21 

683.41 

42.53 

74 8 1 

Scott South 

Back edge 

25 

648.10 

0.341 

0.136 

582.29 

186416.33 

198.42 

865.87 

79.10 

1 37 60 

Scott South 

Front edge 

31 

679.60 

0.357 

0.142 

386.87 

86085.36 

138.24 

354.56 

55.11 

S6 3S 

Scott South 

Lagoon edge 

24 

574.20 

0.302 

0.120 

339.29 

58775.51 

102.43 

223.22 

40.83 

35 47 

Seringapatam 

Back edge 

6 

93.18 

0.232 

0.020 

615.48 

113926.87 

142.72 

1021.01 

12.02 

7 1A 

Seringapatam 

Front edge 

10 

119.46 

0.297 

0.025 

441.43 

7038.55 

131.23 

62.20 

11.05 

0 44 

Seringapatam 

Lagoon edge 

11 

189.20 

0.471 

0.040 

401.30 

64692.02 

188.95 

1303.76 

15.91 

9.25 


Stock size estimates and 95% confidence intervals by reef and for the MOU74 Box for all fin-fish and sharks. 


Reef 

/I 

Area 

y 

(#/Ha} 

v(Y ) 

St 

se(Y ) 

Total 

Abundance 

Biomass 

(0 

95%CI 

(%) 

Ashmore 

Browse 

Cartier 

Hibernia 

Scott North 

Scott South 

Seringapatam 

Totals 

45 

6 

7 

14 

52 

80 

27 

231 

1028.23 

101.73 

146.81 

281.48 

908.95 

1901.90 

401.84 

4770.94 

553.77 

254.76 

336.12 

352.07 

585.79 

439.09 

462.89 

481.53 

6263.17 

6090.70 

3933.70 
2584.74 

5918.18 
1443.66 
2386.97 

767.57 

79.14 

78.04 

62.72 

50.84 

76.93 

38.00 

48.86 

27.71 

569407 
25918 
49345 
99100 
532455 
835110 
186008 
2297343 

289.4 

13.2 

25.1 

50.4 
270.6 

424.5 

94.5 
1167.7 

28.78 

74.96 
44.12 

30.97 
26.35 
17.22 
21.66 
11.34 
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ABSTRACT 

The distribution and abundance ol 10 species of sea snakes (Hydropbiidae) inhabiting Ashmore Reef National Nature 
Reserve, eastern Indian Ocean, were investigated in September and October of 1994,1996 and 1998. Surveys comprised 
a boat-based assessment of the snakes active over the reef flat at high water, transects by foot over the reef Hat at low 
water, and short-term mark and recapture studies by snorkel in the lagoon near West Island. Of the 17 species of sea 
snake recorded from Ashmore Rect, the more prominent were: Emydocephalus annulatus , Aipysurus laevis, A. 
foliosquama, A. apraefrontalis and A.fuscus. Acalyptophis peronii, Hydrophis coggert and Astrotia stokesii were 
also present. In 1994, seven transects were used in estimating a population density of 228 snakes per square km of 
reef flat at high water and a total population of 39 675 individuals. During the three visits, surveys of the reef flat at 
low tide during the day encountered 78 individuals of which, the more common species were Aipysurus foliosquama 
(48%), A. fuscus (15%), A. apraefrontalis (14%) and E. annulatus (11.5%). In 1994, 1996 and 1998, mark and 
recapture studies of E. annulatus indicated that between 94 and 192 individuals utilised a coral patch approximately 
30 m in diameter. An association between species and substrate appeared stronger than species and water depth for 
the inshore species. The sea snake fauna at Ashmore Reef is characterised by a large number of species, including 
three regional endemics, and large population sizes. 

Keywords: I lydrophiidae, sea snakes, Ashmore Reef, population estimates. 


INTRODUCTION 

Ashmore Reef has an historical reputation for high 
sea snake abundance and high species diversity. This 
was first recognised by Smith (1926), who recorded 
five species of Aipysurus and one species of 
Emydocephalus in a collection of over 100 sea snakes 
from Ashmore Reef. Both genera are members of the 
aipysurine lineage of sea snakes and are characterised 
by wide ventral scales and large diamond-shaped body 
scales (Slorr et al. 1986). In 1972, the RV Alpha Helix 
visited Ashmore Reef and surrounding reefs on the 
Sahul Shelf documenting aspects of sea snake biology 
(Dunson 1975). During the 14 days of their visit they 
recorded 367 individuals of 11 species (Minton and 
Heatwole 1975). Two species, Aipysurus foliosquama 
and A. apraefrontalis, are endemic to the region and 
a third, A. fttscus, has a restricted distribution that 
includes Sulawesi (Cogger 1975; Minton and 
Heatwole 1975). At least 17 species of sea snakes 
(Table I) are thought to live on, or near, the reef for 
at least part of the year (Heatwole and Cogger 1994; 
Heatwole 1999). Diet and depth of capture formed 


the basis of a suggested zonation of sea snakes on 
Ashmore Reef (McCosker 1975). Apart from the 
pioneering work of Minton and Heatwole (1975) in 
the Sahul Sea, there has been little recent information 
on the relative abundance of sea snakes on Ashmore 
Reef. Mark and recapture studies have focused on 
estimates of the populations of the beaked sea snake 
Enhydrina schistosa in Malaysia (Voris et al. 1983; 
Voris 1985) and the amphibious sea krait, Laticauda 
colubrina, on select islands in New Caledonia (Saint 
Girons 1964), Fiji (Guinea 1986) and Sabah 
(Steubing 1988), and the reproductive biology of 
Aipysurus laevis in Queensland (Burns 1984; Burns 
and Heatwole 1998). 

This study was initiated to investigate the 
distribution and abundance of sea snake species 
inhabiting the inshore regions including the intertidal 
reef Hat of Ashmore Reef National Nature Reserve. 
The surveys comprised a boat-based survey of the 
snakes active over the reef flat at high water, 
transects over the reef flat at low water, and short¬ 
term mark and recapture studies in the lagoon near 
West Island. 
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Table 1 . List of sea snake species reported from Ashmore Reef (after Cogger 2000). 


Systematic Name 

Common Name 

Distribution 

Acalvptophis peronii 

Horned seasnake 

Australia, Taiwan, China 

Aipysurus apraefrontalis 

Short-nosed seasnake 

Sahul Shelf Australia (endemic) 

Aipysurus duboisii 

Dubois’s seasnake 

Australia, Melanesia 

Aipvstirus evdouxii 

Spine-tailed seasnake 

Australia, South East Asia 

Aipysurus foliosquama 

Leaf-scaled seasnake 

Sahul Shelf Australia (endemic) 

A ipysurus fuscus 

Dusky seasnake 

Sahul Shelf Australia, Indonesia (?) (endemic?) 

Aipysurus laevis 

Olive seasnake 

Australia, Melanesia 

Astrotia stokesii 

Stokes' seasnake 

Australia, South East Asia 

Disteira kingii 

Spectacled seasnake 

Australia (endemic) 

Emydocephalus annulatus 

Turtle-headed seasnake 

Australia. Indonesia, Melanesia 

Hydrophis a triceps 

Black-headed seasnake 

Australia, South East Asia 

Hydrophis helcheri 

Belcher’s seasnake 

South East Asia, New Guinea 

Hydrophis coggeri 

Slender-necked seasnake 

Australia, Melanesia 

Hydrophis elegans 

Elegant seasnake 

Australia (endemic) 

Hydrophis o mat us 

Ornate seasnake 

Persian Gulf, South East Asia, Australia 

Lapemis hardwickii 

Spine-bellied seasnake 

South East Asia, Australia 

Pelamis platurus 

Yellow-bellied seasnake 

Tropical Indian and Pacific Oceans 


METHODS 

Description of the study area. The Ashmore Reef 
National Nature Reserve covers 583 krrr of sand 
islands, reefs and surrounding waters to a depth of 50 
m (Commonwealth of Australia 2002). The reef is 
approximately 28 km in length and approximately 16 
km at its widest part. Tides are semidiurnal with a 
maximum spring tidal range of4.58 m (Commonwealth 
of Australia 2002). 

High tide survey of the reef flat. The boat survey 
consisted of seven transects of variable length but of 
known area of the reef flat at high water (Fig. 1). The 
surveys took place on 22 and 26 September 1994 during 
the daytime high tides. The dory travelled at about 
4 knots over the reef flat. Sea snakes within 3 m on 
either side of the path were identified visually to species 
when possible. The census was restricted to water 
depths of less than 3 m as sea snakes at greater depths 



Fig. 1. Locality map of transects used in the survey of sea snakes 
on Ashmore Reef. Numbers refer to the transect numbers on the 
reef flat at high tide. The arrow indicates the approximate position 
of the tide marker bommie at the anchorage near West Island. 


were difficult to identify from the surface. The seven 
transects varied in duration from 50 to 90 minutes and 
in area from 4.0 to 7.2 hectares. The program AERIAL 
(Krebs 1989) was used to compute the mean density of 
sea snakes and to provide an estimate of the population 
on the 174 krrr of reef flat. 

Low tide survey of the reef flat. Surveys on loot of 
the intertidal flat north of West Island were conducted 
to assess the species and their abundance at low tide. 
The length of the survey transect was 1000 m and the 
width was 20 m. Surveys were conducted when the reef 
flat was exposed during September and October of 1994, 
1996 and 1998. All snakes were identified to species 
and were released at the point of capture. 

Mark-recapture of Emydocepltalus annulatus. An 
estimate of the size of the population of the turtle headed 
seasnake, Emydocephalus annulatus , was made by mark 
and recapture studies in the lagoon near West Island 
(12°15’S, 122°58'E) over four consecutive days in 
September 1994, 1996 and 1998. The capture site, a 
solitary coral bommie that held the tide marker, is 
informally referred to as the tide marker bommie. The 
bommie was about 30 m in diameter, roughly circular 
in shape and stood 5 m above a sandy sea bed with 
smaller bommies nearby. The top of the bommie emerged 
during spring low tides. Although many snakes were seen 
throughout the anchorage, only snakes captured on the 
bommie were included in this study. Using face-mask 
and snorkel, snakes were captured underwater with a 
hand net and placed in a 50 1 plastic bin supported within 
a life-ring for easy transport to the nearby vessel. A 
spirit-based enamel paint (Testors, Rockford 1L 61104, 
USA) was used to mark the frontal and parietal scales. 
Two colours were used on the frontal scale to produce 
and individual pattern for each specimen (Fitch 1987). 
In addition the sex of the individual was noted along 
with the pattern of colouration or banding and any scars 
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or natural distinguishing features e.g. recent wounds or 
scale abnormalities. Snakes were returned to the site of 
capture within three hours and released. During the 
fourth capture session snakes were not transported to 
the contract vessel but examined under water for painted 
head scales, colour pattern, sex and natural marks. All 
were released within a few minutes. Underwater 
observations were conducted over an area (50 m by 40 
m) that contained smaller coral growths in the vicinity 
of the above bommie. Marked snakes that had moved 
from the tide marker bommie were recorded in the area. 

The size of the population of E. annulatus was 
calculated using the frequency of capture model 
(Caughley 1977) to establish the catchability of the 
population. The FORTRAN program CAUGHLEY 
(Caughley 1977) that was modified by Krebs (1989) to 
include estimates by Chao (1972, 1987) was used to 
estimate the size of the population. Chao’s method is 
particularly robust especially when the animals exhibit 
unequal catchability and the recapture frequencies are 
low (Houston and Shine 1994). 

RESULTS 

During the three visits to Ashmore reef 10 species 
of sea snake were identified. In the areas studied three 
species, Emydocephalus annulatus, Aipysurus laevis 
and A. foliosquama, were considered common. They 
were present in all surveys but varied in their relative 
abundance. 

High tide surveys of the reef flat. Boat transects 
of the reef flat at high tide recorded 83 individual sea 
snakes. The number of sea snakes recorded in each 
transect varied from 6 to 25 (Table 2). Eight species 
were identified with three species common. 
Emydocephalus annulatus , Aipysurus laevis and 
Aipysurus foliosquama made up 33.7%, 20.5% and 
16.9% respectively of all encounters (Table 2). The mean 
density of sea snakes on the reef flat was 228 individuals 
per square kilometre. The estimated population was 


39 675 with confidence limits between 26 451 and 
53 073. 

Low tide surveys of the reef flat. The surveys of 
the intertidal reef flat adjacent to West Island yielded 
78 individuals belonging to six species (Table 3). The 
more common species were Aipysurus foliosquama 
(48.7%), A. fuscus (15.4%), A. apraefrontalis (14.1 %) and 
Emydocephalus annulatus (11.5%). The reef flat 
consisted of open sand, sand with macroalgae and 
seagrass cover and living coral in shallow pools. Most 
snakes were encountered in the pools although some 
were found on the open sand. Emydocephalus annulatus 
was common seaward of the edge of the reef flat amongst 
coral growths at low tide, but was not collected. The 
several specimens of Iiydrophis coggeri were found 
resting amongst the seagrass Thalassia hemprichii in 
an intertidal pool. 

Mark-recapture of Emydocephalus annulatus. 

Mark and recapture studies of E. annulatus at the tide 
marker bommie were conducted in September 1994, 
1996 and 1998, and resulted in 33, 38 and 24 
individuals being caught respectively during the four 
days of each survey. Table 4 contains a summary of 
the frequency of capture and the results of three models 
used in the analysis (negative binomial, geometric and 
Poisson distribution) along with the estimates produced 
by the moment estimator. The numbers of E. annulatus 
that feed and rested on the tide marker bommie varied 
from approximately 90 individuals in 1994 to 192 in 
1998. However there was considerable overlap in the 
95% confidence limits of the estimate of between 57 
to 184 in 1994, 61 to 211 in 1996 and between 85 and 
483 in 1998. As the geometric estimate had the most 
significant Chi Square values, the population is 
assumed to display unequal catchability, which is the 
norm rather than the exception in wild populations 
(Caughley 1977). 

Observations on sea snakes. During the three visits 
to Ashmore Reef National Nature Reserve observations 
additional to those above were recorded. These provide 


Table 2. Summary of the results of sea snake surveys conducted by boat on the reef flat at high tide at Ashmore Reef. See Figure 1 for the 
location of transects. 


Transect Number 
Area (hectare) 

Species 

1 

4.8 

2 

5.6 

3 

4.8 

4 

7.2 

5 

6 

6 

4 

7 

5.6 

Species 

Total (%) 

Emydocephalus annulatus 

1 

1 

0 

13 

7 

4 

2 

28 

33.73 

Aipysurus laevis 

1 

2 

5 

4 

1 

0 

4 

17 

20.48 

Aipysurus foliosquama 

1 

3 

1 

3 

3 

3 

0 

14 

16.87 

Acalyptophis peronii 

0 

0 

4 

2 

1 

0 

0 

7 

8.43 

A ipysurus apraefrontalis 

3 

0 

0 

1 

0 

0 

1 

5 

6.02 

Aipysurus fuscus 

0 

0 

0 

1 

0 

0 

2 

3 

3.61 

Astrotia stokesii 

0 

0 

1 

0 

2 

0 

0 

3 

3.61 

Hydro phis coggeri 

0 

0 

2 

0 

0 

0 

1 

3 

3.61 

Unidentified 

0 

0 

0 

1 

2 

0 

0 

3 

3.61 

Transect Total 

6 

6 

13 

25 

16 

7 

10 

83 

100.00 
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an insight into how the relative abundance of each 
species is influenced by substrate, activity period, tide 
height and water depth. 

Acalyptophis peronii. This species was commonly 
seen over sandy substrates at Ashmore Reef. Individuals 
were collected from the open sand substrate in the vicinity 
of the tide marker bommie at depths of less than 5 m in 
1996 and recorded at 18m in the channel at West Island 
in 1998. In the late afternoons specimens rested on the 
surface of water and engaged in knot coiling that is 
associated with sloughing. This species was active during 
both the day and the night. Two Acalyptophis peronii were 
collected from beneath the stern lights of the contract 
vessel at the anchorage at night in 1994. Both were of 
about the same size (svl = 53 and 55 cm) and could be of 
a single cohort. They were marked with paint on the 
frontal scale before their release. Neither was recaptured. 

Aipysurus apraefrontalis. This species was more 
commonly found on the reef flat where it comprised up 
to 25% of the sea snakes encountered. This species 
represented less than 5% of the sea snakes observed at 
the tide marker bommie, which was within 50 m of the 
reef flat. 

Aipysurus duboisii. This species was not found on 
the reef flat at low tide. It was present at the tide marker 
bommie where a male (svl = 86 cm) and a female were 
courting in September 1998. Individuals were seen 
amongst corals around the rim of the lagoon at the 
anchorage at West Island in the same year. 

Aipysurus foliosquama. This species was common 
on the reef flat at both high and low tides. At high tide 
A. foliosquama comprised 16% of sea snakes observed 
(Table 2). Many individuals remained on the reef flat 
at low tide and comprised between 15% and 67.7% of 
snakes encountered during surveys near West Island 
between 1994 and 1998 (Table 3). Between 4.5% and 
29% of the sea snakes observed at the tide marker 
bommie were A. foliosquama. Individuals were more 
active in the early morning and late afternoon when 
foraging in burrows in the reef flat. 

Aipysurus fuscus. This species was uncommon on 
the sandy areas of the reef flat at high tide (Table 2), 
but relative abundance increased at low tide (Table 3). 
At the tide marker bommie it comprised up to 22% of 


the sea snakes sighted. Individuals were commonly 
encountered over a sandy substrate on the flooding tide 
at West Island where at 1830 hr on 2 September 1996 
one individual was observed in less than 0.5 m ot water, 
investigating the sand with its tongue. It shilted small 
coral and shell fragments with its head. It became 
excited after shifting a small piece of dead coral. It 
lifted its body off the sand and forced its head and about 
15% of its body into the sand. There was no obvious 
burrow. The snake emerged some minutes later without 
a prey item. 

Aipysurus laevis. This species was commonly 
observed in the channel near West Island at all states 
of the tide. At high tide it was present on the reef flat 
and comprised 20.5% of snakes seen in the boat survey 
(Table 2). On the reef flat at low tide, up to 15% of the 
snakes recorded were A. laevis (Table 3). This species 
represented about 5% of the snakes sighted at the tide 
marker bommie. It was commonly seen at the reef crest 
and at depths to 20 m. 

Astrotiastokesii. This large, conspicuous species was 
commonly seen in the channel near West Island. This 
species, like Acalyptophis peronii and Aipysurus laevis , 
rested at the surface in the channel on calm afternoons. 
It was more common in deeper water near the reef crest 
but comprised 5% of the snakes recorded at the tide 
marker bommie in only 5 m of water. It w r as not recorded 
on the reef at low tide but was present in low numbers at 
high tide (Table 2). Individuals of this species, on 
occasion, made a sudden sideways lunge in the direction 
of the observer as they were approached. This behaviour 
was interpreted as defensive rather than aggressive. 

Emydocephalus annulatus. This species was 
common amongst coral habitats. Individuals were 
common (33.7%) on the reef flat at high tide (Table 2) 
and at low tide in coral pools (38%) (Table 3). It was a 
common species at the tide marker bommie where it 
comprised up to 77 % of the sea snakes recorded. 
During a 75-minute dive at the reef crest, 10 
E. annulatus were recorded along with two Astrotia 
stokesii at a depth of 14 m on 7 September 1996. In the 
early morning and late afternoon, individuals of this 
species were actively foraging and courting, details of 
which have been presented elsewhere (Guinea 1996). 


Table 3. Numbers of sea snakes of each species recorded during the transects of the reef flat at low tide are provided with their respective 
percentage in parentheses. 


Species 

1994 


1996 

1998 

Species Total 

Aipysurus foliosquama 

21 (67.7) 

2 

(15.4) 

15 (44.1) 

38 (48.7) 

A ipysurus fuscus 

3 (9.7) 

3 

(23.1) 

6 (17.6) 

12 (15.4) 

Aipysurus apraefrontalis 

5 (16.1) 


1 (7.7) 

5 (14.7) 

II (14.1) 

Emydocephalus annulatus 

1 (3.2) 

5 

(38.5) 

3 (8.8) 

9 (11.5) 

Aipysurus laevis 


2 

(15.4) 

2 (5.9) 

4 (5.1) 

Hydrophis coggeri 

1 (3.2) 



3 (8.8) 

4 (5.1) 

Total for each visit 

31 


13 

34 

78 
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Table 4. Estimates of the size of the population of Emydocephalus 
annulatus in the vicinity of the tide marker bommie in September 
1994, 1996 and 1998. 



1994 

1996 

1998 

Numbers caught 

Once 

25 

30 

21 

Twice 

6 

7 

2 

Thrice 

1 

1 

1 

Four times 

1 

0 

0 

Population estimates 
Distribution 

Geometric 

Geometric 

Geometric 

Chi 2 

0.57 

0.01 

1.02 

Probability value 

<0.05 

<0.05 

<0.05 

Chao’s estimate 

94.1 

102.3 

192 

95% confidence limits 

57.2-187.6 

61.8-211.3 

50.4-483.5 


Hvdrophis coggeri. This species was encountered on 
the reef Hat at high tide (Table 2), low tide (Table 3) 
and in the vicinity of the tide marker bommie where it 
comprised about 3% of the sea snakes recorded during 
the three visits to Ashmore Reef. Individuals were either 
transiting or resting in these areas. No foraging 
behaviour was observed in any of the regions surveyed 
in this study. 

Hydrophis elegans. A single adult female transited 
the tide marker bommie and rested amongst the seagrass 
and corals of the reef flat during the flooding tide on 
I I October 1998. 

Additional observations. During every snorkel in 
1994, an aggregation of snakes was seen amongst a 
small irregular patch of coral ( Symphyllia sp.). The 
snakes remained motionless except to surface to 
breathe. On descent they moved back to their position 
amongst the coral and remained motionless. From this 
area of broken coral (~4 m 2 ), 14 snakes were collected. 
The collection consisted of Aipysurus fuscus (two males 
and two gravid females), Aipysurus foliosquama (five 
males and four gravid females) and one male 
Emydocephalus annulatus. 

DISCUSSION 

This study focused on the sea snakes of the reef flat 
and western lagoon at Ashmore Reef. The state of the 
tide and the activity periods of the individual sea snake 
species were significant factors in determining the 
relative abundance of the respective species. The survey 
on the reef fiat at high tide during the day indicated 
that Emydocephalus annulatus and Aipysurus laevis 
were the commonest species. Yet, Aipysurus 
foliosquama and Aipysurus fuscus were more common 
at low tide. Clearly the state of the tide is a determining 
factor in the activity of the sea snakes during daylight 
hours. 

Turbulent currents and extreme thermal conditions 
may deter some species from the reef flat at times in the 


tidal cycle and day. Strong currents and sometimes waves 
swept over the reef fiat at high tide. Individual snakes, 
such as Emydocephalus annulatus and Aipysurus 
fuscus, advanced with the swell over the reef flat and 
braced their bodies against rubble to prevent them being 
dragged backwards by the receding wave. Such turbulent 
conditions at high tide may provide a deterrent. In 
addition, at low tide, the tidal pools absorb solar 
radiation during the day and may reach temperatures in 
excess of 35°C, which are close to the upper lethal limit 
for sea snakes (Graham et at. 1971). Aipysurus 
foliosquama tolerated these temperatures by behavioural 
means that will be presented elsewhere. Numerous sea 
snakes vacated the reef flat through the drainage 
channels during the latter stages of the ebbing tide. These 
temporal changes in environmental conditions on the reef 
flat should be considered during future surveys of sea 
snake abundance. 

The reef flat consists of areas of open sand, seagrass 
and algal beds, and tidal pools containing living corals. 
Transect 4 of the surveys (Fig. 1) crossed the most 
diverse habitats of the reef fiat and recorded the largest 
number of sea snakes. Other transects such as 1 and 2 
traversed more homogeneous habitats and recorded 
fewer individuals and species. The sensitivity of the 
transects to detect changes in abundance and 
distribution of sea snake species would be enhanced 
by incorporating sightings and collection locations into 
a Geographic Information System (G1S) of habitat 
descriptions for Ashmore Reef. 

The association between water depth, diet and 
resident sea snake species, as indicated by McCosker 
(1975), appears static and oversimplified. The reef fiats 
at Ashmore reef are dynamic with temporal, spatial and 
seasonal changes, which will affect sea snake 
abundance. The reef flat surveys were dominated by 
Emydocephalus annulatus , Aipysurus laevis, and 
Aipysurus foliosquama. At the anchorage in the lagoon 
at West Island, Acalyptophis peronii, Astrotia stokesii, 
Aipysurus laevis, and Aipysurus foliosquama were seen 
regularly throughout the day in 7 to 10 m of water. 
There appeared to be a strong association between the 
nature of the substrate and the sea snake species 
present. The depth of the water appeared less important 
in predicting which species would be present. 
Hydrophis coggeri was found on the reef flat amongst 
the seagrass Thalassia hemprichii, which was out of 
character for this species at Ashmore Reef (McCosker 
1975; Cogger 2000), but fitted with observations made 
on this species in New Caledonia (Ineich and Laboute 
2002) and in Fiji (Guinea 1981 as Hydrophis 
melanocephalus). 

The mark and recapture studies on Emydocephalus 
annulatus on the tide marker bommie revealed that more 
than 90 individuals used the bommie for feeding and 
courtship and other social interactions. Such densities 
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of sea snakes are rare (Voris 1985; Parker and Plummer 
1987) and require further investigation. It appears that 
E. annulatus maintains a small home range for a 
considerable time, as individual snakes that were 
identified by scale abnormalities, were recorded trom 
the tide marker bommic over three years (1994 to 1996). 
Too little is known about the behaviour of sea snakes 
to speculate on the activities of the aggregation ot 
Aipysurus fuscus , A. foliosquama and E. annulatus 
observed near the tide marker bommie. We can only 
assume that the obvious gravid condition ol the females 
was involved in maintaining their fidelity to the resting 
site over a two-week period. Aipysurus laevis occupied 
a home range of up to 1800 m : on Mystery Reef (Burns 
and Heatwole 1998). Home ranges in other species have 
not been investigated. Ashmore reel would provide an 
excellent site for such studies. 

Sea snakes are a listed marine species under the 
Environmental Protection and Biodiversity 
Conservation Act 1999 (EPBC 1999). Although EPBC 
(1999) requires surveys to be conducted of the listed 
marine species, very little is known of the population 
structure of sea snakes. Indeed information on their 
reproductive biology, diet, habitat requirements, 
movements and threats remains scant. However this 
study has highlighted some environmental factors such 
as tide height, activity period and substrate, that need 
to be taken into consideration in future surveys of 
abundance and distribution of sea snakes at Ashmore 
Reef and other reefs on the Sahul Shelf. As each of the 
surveys was conducted in September and October of 
the respective years, there remains no indication of 
seasonal variation in species abundance as has been 
detected in other studies (Burns 1984; Guinea 1986). 

Because only a small area of reef was examined in 
detail in this study, some species, namely Aipysurus 
eydouxii , Disteira kingii, Hydrophis atriceps, H. 
belcheri, H. ornatus, Lapemis hardwickii and Pelamis 
platurus, were not recorded at all. However Disteira 
kingii , Hydrophis ornatus and Lapemis hardwickii, 
along with several unidentified species, were recorded 
resting on the surface of the sea at sunset during our 
passages between Darwin and Ashmore Reef and these 
species occur within the boundary of the National 
Nature Reserve. 

Ashmore Reef, Cartier Island and the reefs of the 
Sahul Shelf have an obvious and significant role in our 
understanding of the evolution and biogeography of sea 
snakes. Two species of Aipysurus are endemic to the 
Sahul Shelf (Table 1) with other species having 
restricted distributions that include Australian waters 
and the Coral Sea (Ineich and Laboute 2002). The Timor 
Trench to the north of the Sahul Shelf separates the 
mainly Australian species of sea snakes from those more 
widely distributed in South East Asia. Ashmore Reef, 


in particular, supports a large population of at least 17 
species of sea snake. The survival of each species 
appears intricately linked with the biodiversity of the 
reef and the surrounding waters. No other locality exists 
in the world where so many species of sea snake can 
be seen in such large numbers and for this alone 
Ashmore Reef deserves the status of a National Nature 
Reserve and the informal title of the “sea snake capital 
of the planet”. 
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ABSTRACT 

A small, but significant, population of dugongs (Dugong dugon) occurs on Ashmore Reef. One sighting in 1996, 
130 km east of Ashmore Reef, indicates that dugongs could use other shallow shoals on the Sahul Banks. Individuals 
representing all age classes were present on Ashmore Reef. Cow and calf pairs indicate that breeding occurs on the 
reef and there is at least some short-term residency. The oceanic coral reef habitat used by these dugongs is unusual 
when compared to the coastal habitat used by other Australian populations. Situated between Indonesia and the 
Australian mainland, Ashmore Reef supports a population of dugongs whose genetic identity is uncertain. The dugongs 
at Ashmore Reef represent one of the most isolated and least known populations in Australian waters. Future research 
at Ashmore Reef should be directed at determining their population size, movements, preferred habitats, genetic 
identity and the extent to which their requirements are met by the Ashmore Reef National Nature Reserve. A research 
and conservation strategy should be incorporated into the Plan of Management of the Ashmore Reef National Nature 
Reserve. Further research should extend to the Sahul Banks. 

Keywords: Dugongs, population size, Ashmore Reef Sahul Banks, genetics, north-west Australia. 


INTRODUCTION 

Dugongs are large mammalian herbivores which 
inhabit tropical and sub-tropical coastal waters between 
the cast coast of Africa and Vanuatu (Nishiwaki and 
Marsh 1985). Internationally, they are listed as 
Vulnerable in the IUCN Red Data Book. In Australia, 
they are not listed as threatened under Australian 
Commonwealth Legislation, but are protected under the 
Environment Protection and Biodiversity Act 1999. The 
presence of dugongs at Ashmore Reef has been known 
since 1986 when it was reported by Australian National 
Parks staff (Whiting 1999), Ashmore Reef (12°I5'S, 
I23°04’E) is located 340 km from the Kimberley coast 
of the Australian mainland and 140 km south of Roti 
Island Indonesia. Ashmore Reef represents unusual 
habitat for dugongs because of its isolation from any 
substantial land mass. 

PRESENCE, DISTRIBUTION 
AND POPULATION SIZE 

In November 1996, observations from a Coastwatch 
surveillance aircraft confirmed anecdotal reports by 
Parks Australia North personnel of dugongs on Ashmore 
Reef (Whiting 1999). Eight dugongs were sighted within 


the transect area which represented 6% (11 km 2 ) of the 
reef flat (182 km 2 ). This gives a population estimate of 
over 100 individuals on the reef flat at high tide. In 
addition, one group of three was sighted outside the 
transect area. Individuals representing all size classes 
were present, including cow and calf pairs. 

In 1996, a database was established to record all 
dugong sightings at Ashmore Reef. Since 2000, 
Australian Customs Officers stationed at Ashmore Reef 
have recorded dugong sightings during their routine 
patrols. These sightings, together with other sightings 
by the authors, have added to the information of habitat 
use obtained from the initial aerial survey. Figures I 
and 2 show the positions of 25 sightings of 42 dugongs 
on Ashmore Reef since 1996, including the sightings 
from the aerial survey. Figure 1 is categorised by 
sighting method while Figure 2 is categorised by group 
size. Sightings were mostly in shallow water over both 
sand and reef flat. There was a concentration of 
sightings on the southern reef Hat between Middle and 
East Islands. Sightings were most likely biased towards 
shallow water habitat where observers could see 
dugongs easily. All dugongs, except one, that were 
viewed from a boat or land were in water depths of 
between 1 and 3 m. One dugong was observed in water 
10.5 m deep. Group size ranged between one and seven 
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Fig. 1. Dugongs at Ashmore Reef by sighting method. 



173 “ 

Fig. 2. The group size of dugongs sighted at Ashmore Reef. 
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individuals. Ten cow and calf pairs were observed. 
Dugongs have been observed at Ashmore Reef during 
most months of the year including: February, March, 
April, July, August, September, October and November. 

Dugongs are not restricted to the Ashmore Reef 
Nature Reserve. In 1996, during the aerial survey flight 
with Coastwatch, one dugong was observed 130 km east 
of Ashmore Reef (Whiting 1999), which indicates that 
other shallow shoals on the Sahul Banks are used. 

ISOLATION 

Dugongs at Ashmore Reef are geographically 
isolated from other known populations in the region. 
There are only a few populations of dugongs throughout 
the Indo-Pacific that occur in association with oceanic 
islands and reefs. A well-known site is Palau, where 
their small population size and isolation make them 
vulnerable to the unsustainable illegal harvest that 
continues around these islands (Marsh et al. 2002). 
Aldabra Atoll, in the western Indian Ocean, is an 
interesting site because dugongs were thought to be 
extinct in this region since the 20th century (Marsh et 
al. 2002). Confirmed sightings of dugongs around this 
atoll in 2001 (Chong-Seng pers. comm, in Marsh et 
al. 2002) indicate that they have the ability to travel 
large distances across open sea and recolonise areas. 
Satellite tracking studies support the ability of dugongs 
to move large distances but have yet to show ocean 
crossings to isolated atolls. In Queensland, two studies 
showed that dugongs moved large distances between 
core areas along the coast. In the first study a pubertal 
male moved 140 km three times in nine weeks (Marsh 
and Rathbun 1990), while in the second study, four 
dugongs made up to four trips between core areas 
165 km apart (Preen 2001). In the same study, one 
dugong covered a distance of 860 km along the 
Queensland coast (Preen 2001). In Indonesia, dugongs 
moved between 17 and 65 km from the site of capture 
(longh et al. 1998). These studies show that the 
location of Ashmore Reef in relation to Indonesia and 
the Australian mainland is well within the swimming 
ability of dugongs. Tracking studies or detailed genetic 
studies would be required to determine the regularity 
of movement between these areas. 

Genetic identity. Skin samples were taken from five 
dugongs at Ashmore Reef. Three samples have been 
sequenced to date. Two samples appeared similar to 
those from SE Asia while the third sample was similar 
to samples from three dugongs along the mainland of 
Western Australia. (B. McDonald, pers. comm.). Until 
further samples are taken and analysed from Ashmore 
Reef, the nearby island of Timor, and the Kimberley 
Coast of Australia, the genetic identify of the population 
at Ashmore Reef will remain uncertain. However, the 
results from samples analysed to date indicate that 


Ashmore Reef may represent a mixture of individuals 
from different stocks in northern Australia and SE Asia. 

MANAGEMENT ISSUES 

The geoographic isolation of dugongs on Ashmore 
Reef and the Sahul Banks has afforded them protection 
against mesh nets and boat-strike, which are serious 
threats to some Australian populations (Queensland 
Environmental Protection Agency 1999). Probably the 
main threat in recent times has been the illegal hunting 
by Indonesian fishers themselves, which killed an 
unknown number of dugongs in the area. With a greater 
use of the Sahul Banks region by a variety of groups 
including Australian Customs Service, Royal Australian 
Navy, research groups, oil and gas industry and 
Indonesian fishers themselves, the future potential 
threats to this population of dugongs are greater. These 
potential threats include boat-strike and disturbance 
from increased boat traffic in the area, illegal hunting 
by Indonesian fishers, and habitat loss from pollution 
caused by accidents in the oil and gas exploration and 
extraction industry. 

Boat traffic, including both large and small vessels, 
has increased al Ashmore in recent years. This has 
been due partly to increased activities by other 
Australian government agencies in the area that are 
not directly related to the National Nature Reserve. 
An increase in biological research in the area has also 
increased the use of small boats in the area during short 
periods. Dugongs, sea turtles and sea snakes are 
vulnerable to strikes by fast moving small vessels (e.g. 
the pursuit vessel currently used by Australian 
Customs Officers has a planing speed of over 32 
knots). Australian Customs Officers and visiting 
researchers should be educated in, and practise, safe 
boat operating procedures while stationed at Ashmore 
Reef. A code of conduct should include similar 
conditions to those used on the Great Barrier Reet for 
dugong watching. Important conditions state: a vessel 
must not approach within 50 m while under power and 
within 100 m while planing, must not pursue a dugong 
if it has moved away from the vessel, must not separate 
mother and calf, and abandon all interaction it the 
dugong is distressed or alarmed (T. Stokes, pers. 
comm.). Also, larger vessels anchored in the lagoon, 
especially those that leave generators or auxiliary 
engines running, may deter dugongs from using or 
moving through these areas. 

Illegal hunting of dugongs has occurred on Ashmore 
Reef in the past (Whiting 1999). However, with an 
Australian Customs Vessel stationed at Ashmore Reef 
for 12 months of the year illegal hunting is not likely. 

Chemical pollution has the potential to cause habitat 
degradation. Possible sources of pollution include those 
illegal vessels that are apprehended and kept in the lagoon 
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and leak oil, diesel and contaminated bilge water 
(Commonwealth of Australia 2001). Most apprehended 
vessels are in a poor state of sea-worthiness and sink if 
unattended. Another potential source of pollution is the 
oil and gas industry which actively explores for and 
extracts oil and gas in the region. Accidents have the 
potential to discharge liquid and decomposable solid 
wastes (Commonwealth of Australia 2001). Dugongs 
occur outside the National Nature Reserve as indicated 
by the three dugongs sighted 130 km to the east of 
Ashmore Reef (Whiting 1999). Shallow shoals that are 
the likely areas used by dugongs and sea turtles are also 
the focus of exploratory drilling because of their link with 
hydrocarbon seeps (Glenn and O’Brien 2000). Noise, 
disturbance, activity and pollution from these wells have 
the potential to impact on dugongs and sea turtles if they 
occur in these areas. This highlights the need to better 
understand the ecology of dugongs in this region. 

FUTURE OBJECTIVES 

The dugong population at Ashmore Reef is one of 
the most isolated and least known in Australian waters. 
Future research at Ashmore Reef should be directed at 
determining population size, movements, preferred 
habitats, genetic stock and the extent to which their 
requirements are met by the Ashmore Reef National 
Nature Reserve. These objectives can be achieved 
through a combination of dedicated research 
expeditions and detailed observations by the Warden 
appointed by the Department of the Environment and 
Heritage or the Australian Customs Officers stationed 
at Ashmore Reef. Additional research should aim to 
determine the spatial range and habitat use of dugongs 
in other areas of the Sahul Banks. Research should 
extend into the waters of Nusa Tenggara Timur and East 
Timor to give a regional view of dugongs in the area. 
This could be achieved with joint projects with 
Indonesian and East Timorese Agencies. 

CONCLUSION 

The individuals found on Ashmore Reef and Sahul 
Banks represent an isolated and unusual population of 
dugongs that use an oceanic habitat compared to those 
that use the coastal habitat of mainland Australia. 
Situated between Indonesia and the Australian 
mainland, Ashmore Reef supports a population of 
dugongs whose genetic identity is unclear. Although 
relatively undisturbed at present, increased activity on 
Ashmore Reef and the development of the oil and gas 
industry in the region means that further research and 
some management of this species is required to maintain 
the integrity of the Reserve and reduce negative 
impacts. 
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ABSTRACT 

Marine and coastal resources have a great potential and play a significant role in the future economic and social 
development of Indonesia. This is obvious, as most of Indonesia’s population lives within an hour of the coast 
and harvest a variety of foods and products from marine and coastal areas. Consequently, marine conservation 
has become very important, particularly in line with utilising, managing and developing marine and coastal 
resources wisely, strategically and completely in control in order to maintain harmonious and dynamic sustainability. 
However, the decision to set aside locations for marine conservation should not exacerbate the socio-economic conditions 
of local/indigenous people, particularly traditional fishermen. As they use simple boats and fishing gear in their 
operations, they also follow their traditional right, that is, the right to manage and utilise marine and coastal resources 
collectively by, and for, the benefit of all members of the society (fishermen). Indonesia has declared protection of 10 
million hectares of its marine and coastal areas for conservation of their resources and ecosystems. To the present day, 
this country has just legally established its marine conservation areas for 5.07 million hectares, in 37 locations, in 17 
provinces, and further plans are to establish new locations for marine conservation areas. Currently, Indonesia is 
developing six conservation areas which have already been given their Waters Boundary'Arrangement and Reference 
Points on land: Bunaken, Wakatobi, and Kepulauan Seribu Marine National Parks; and Komodo, Bali Barat, and 
Ujung Kulon National Parks. 

Keywords: Indonesia, traditional fishermen, marine conservation areas. 


INTRODUCTION 

As one of the world’s biggest archipelagos, Indonesia 
consists of 17 508 islands with a coastal length of 81 000 
km. Its maritime boundaries of 5.8 million km 2 
comprises approximately 0.3 million km 2 of territorial 
seas, 2.8 million km 2 of archipelagic waters and 2.7 
million km 2 of defined Indonesia Exclusive Economic 
Zones (ZEEI). 

With a total land area of about 1.9 million km 2 , 
Indonesia thus has a total legitimate area of 7.7 million 
km 2 , consisting of about 25% land area and 
approximately 75 % maritime area. The large maritime 
area is an advantage for Indonesia, particularly from 
an exploitation point of view, as Indonesia’s marine 
resources constitute the richest and most diverse marine 
biodiversity in the world. 

As in other countries, most of Indonesia’s population 
lives within an hour of the coast, and marine resources 
are prominent for peoples’ livelihoods. A variety of 
foods and other products are harvested from coastal and 
marine habitats. Marine and coastal resources are very 
significant in the future economic and social 
development of Indonesia. 


*Dr Abdullah passed away while this paper was in press. 
This paper has been edited by B. C. Russell. 


However, the condition of these resources has 
reached a critical level of over-exploitation. Efforts in 
utilising, managing and developing the marine resources 
need to be taken wisely, strategically and completely in 
control, in order to maintain a harmonious and dynamic 
sustainability. 

One way to control excessive exploitation of 
marine resources is through allocation of marine 
conservation areas, which have great potential in their 
range of representation of biodiversity, natural 
features, uniqueness and ecosystems. The decision to 
create areas for marine resource conservation, however, 
should not deleteriously exacerbate the socio-economic 
condition of its local people and fishermen, particularly 
traditional fishermen. This is obvious, as traditional 
fishermen in Indonesia earn their living and self¬ 
subsistence by means of fish capture. Normally, their 
incomes are less than the regional minimum wages set 
by the government. They fish using simple fishing boats 
usually less than 5 Gross Tonnage (GT), either without 
engines or with engines of 15 horsepower or less. They 
operate in limited areas in the fishing zone of 0-3 miles 
although some, such as fishermen from Buton and Roti, 
have expanded their fish catching in marine areas to 
more than 3 miles offshore because of past traditions. 
Fishermen also have limited access in marketing their 
produce. 
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MARINE CONSERVATION IN INDONESIA 

Based on Legislation Number 5 of 1990 regarding 
conservation of nature resources and their ecosystem, 
and the Government of Indonesia’s regulation on nature 
reserves (wildlife reserves and strict nature reserves), 
there are four categories of conservation areas in 
Indonesia as follows: 

1. Strict Marine Nature Reserve: marine area, which 
has unique ecosystem, geological and physiological 
aspects or unique species used for scientific research 
and environmental control, and which is not for the 
purpose of tourism. 

Management of this type of area is concentrated 
towards conserving the totality of habitat, ecosystem and 
species; maintaining genetic resources and ecological 
processes; conserving the originality of the structure of 
marine nature; and protecting the environment of marine 
ecosystems for the purpose of education, research and 
environmental control. 

In other words, the management given to this type 
of area is focused on preserving or safeguarding the 
area and its marine resources potential without 
changing its structure and condition. It means that in 
this area we can not increase or decrease its biotic/ 
species population. 

The characteristic attributes of this type of area are 
representation, originality and naturalness, uniqueness, 
rarity, rate of extinction, ecosystem integrity, intact 
nature and size of area. 

2. Marine Wildlife Reserve: marine area, which has 
particular or specific characteristics in its marine 
biodiversity and or unique types of wildlife, for which 
its habitat needs to be managed for its sustainability. 

In other words, to manage this area we can 
manipulate it by controlling its biotic/species population 
through thinning the population out in the case of over¬ 
population, and improving or adding to the population 
in conformity with its habitat support. 

Such areas facilitate activities such as research and 
environmental control, and increase the appreciation and 
education of management of wildlife by society. 

3. Marine National Park: an area of marine 
conservation, which has an original ecosystem and is 
managed by a zone system. According to Legislation 
Number 5 of 1990 on the conservation of Nature 
Resources and their ecosystems, the criteria of a Marine 
National Park should include at least three types of zone: 
core or sanctuary zone, intensive use zone, and other 
zone. The other zone can be developed depending on 
the situation and condition of the Marine National Park. 
For example, we can develop a traditional intensive use 
zone where the area surrounding the park is densely 
populated, or develop a rehabilitation zone to improve 
its condition. 


The main utilisation of core sanctuary zones is 
similar to that of a strict Marine Nature Reserve, which 
is used only for scientific purpose activities such as 
research, science and education, compared to an 
intensive use zone which is used for recreational or 
marine tourism. 

4. Marine Recreational Park: an area of marine 
conservation which is still in a pristine condition, and/ 
or part of which has been changed but still holds 
aesthetic values. Management for this area concentrates 
on maintaining its marine resource potential and its 
attractiveness, through controlling the population of 
marine species and organisms. 

This conservation area is normally used for 
recreational or tourism activities, such as SCUBA 
diving, snorkelling, fishing, swimming, surfing and 
sailing, to name but a few. 

In addition to those four categories of conservation 
area, there are also locations or sites for marine 
conservation areas which have been recognised as 
Seaward Extensions - an extension of a land conservation 
area, towards the sea such as Ujung Kulon or Komodo 
National Park and Baluran National Park. 

Marine species conservation for endangered, 
vulnerable, rare and indeterminate species can be 
categorised as in situ and ex situ marine conservation. 
In situ conservation focuses its activities on conserving 
both protected and unprotected species which live inside 
their original ecosystems/habitats, including habitats 
which have been established as marine conservation 
areas; whereas ex situ conservation emphasises the 
conserving of marine species which exist outside of 
conservation areas. 

PROGRAM OF MARINE 
CONSERVATION IN INDONESIA 

Programs of marine conservation, which have been 
developed by Indonesia, are based on the principles of 
harmonious and balanced sustainable utilisation of 
marine resources and their ecosystems. The main 
objectives are to sustain the marine resources and 
balance their ecosystems by means of applying an 
ecological approach, which is directed to increasing 
human welfare and the quality of their lives. 

It is expected that by applying various programs 
of conservation, the existence of marine conservation 
areas in Indonesia will further significantly contribute 
to the development of the country’s economy, ecology, 
education, biology, research, aesthetics and the future 
of the nation. It is obvious that conservation of marine 
and coastal resources is the responsibility and 
obligation of both the government of Indonesia and 
its people. 
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The strategy for marine conservation, which has been 
adopted by Indonesia, is in line with that of World 
Conservation Strategy of 5 March 1980, namely: 

1. Protection of ecological processes and life 
support systems, that is to ensure the provision of 
ecological process which support systems for the 
continuation of development and human welfare; 

2. Preservation of marine biodiversity within 
ecosystems to ensure the sustainability of genetic 
resource diversity and types of ecosystem, so as to 
ensure the continuation of development, science and 
technology to fulfil human needs; 

3. Sustainable utilisation of marine biodiversity and 
ecosystems through rationalising its use based on 
harmonious carrying capacity. 

To reach those objectives, Indonesia has declared 
to protect 10 million hectares of its marine and coastal 
areas for conservation of resources and ecosystems. 
To this day, however, the country has only legally 
established marine conservation areas for about 5.07 
million hectares (50%), spread over 37 locations in 17 
provinces throughout Indonesia. These comprise: 10 
Strict Marine Nature Areas of 296 150 hectares; six 
Marine Wildlife Reserve Areas comprising 
607 620 hectares; seven Marine National Parks 
comprising 3 649 949 hectares; and 14 Marine 
Recreational Parks comprising 597 436 hectares. 

In addition, there are more planned or proposed 
locations for future marine conservation areas. There 
are nine locations waiting for Ministerial approval; 22 
locations have been recommended by Provincial 
Governors; 29 locations are in the process of obtaining 
recommendations from the Provincial Governors; and 
62 locations are in the process of planning and proposal 
to become marine conservation areas. 

Six conservation areas have already given their 
Waters Boundary Arrangement and Reference Point on 
Land. These are: Bunaken Marine National Park in North 
Sulawesi; Wakatobi Marine National Park in South-east 
Sulawesi; Komodo National Park in Nusa Tenggara 
Timur, which is a Seaward Extension; Bali Barat 
National Park in Bali, which is a Seaward Extension; 
Kepulauan Seribu Marine National Park in Jakarta; and 
Ujung Kulon National Park in West Java, which is a 
Seaward Extension. 

It is worthy to note that the existence of marine 
conservation areas creates common dilemmas for local 
or indigenous people. For countless generations these 
people have been accustomed to sailing and fishing 
wherever they like. With the existence of marine 
conservation areas, they suddenly find themselves 
restricted by regulations introduced by the government 
when their home waters become protected areas. In other 
words, they have to change their lifetime habits. 

Consequently, the government is committed to marine 
conservation programs that not only aim at conserving 


marine biodiversity and ecosystems, but also empower 
the local indigenous people. For example, the 
government provides supervision and technical 
guidance on coral rehabilitation/transplantation to the 
local people, and promotes alternative economic 
activities to generate incomes such as seaweed 
cultivation, mariculture such as raising groupers, and 
value adding of products through product development, 
processing and marketing systems. 

INDONESIAN TRADITIONAL FISHERMEN 

The policy to modernise the fisheries sector in 
Indonesia has been directed towards increasing national 
fishery production through increasing productivity, in 
an effort to improve the quality of life and welfare of 
fishermen. 

One of the important aspects in modernising the 
fisheries sector is the technical substitution of 
production process from a traditional one (Appendix 
I) to a modem way of fishing through motorised vessels 
and modernising fishing gear. This change is 
unquestionably part of the whole cultural 
transformation of the society with all its consequences. 
There is a dichotomy between the so-called ‘traditional’ 
fishermen and ‘modern’ fishermen, which are 
differentiated based on their ownership of qualified 
fishing gear, value of investment, scale of operation, 
type of working relationship, and the level of absorbing 
manpower or workers. 

Traditional fishermen are then defined as fishermen 
who earn their living for self-subsistence, have a pre¬ 
industry type of activity, small scale business and 
operate in inshore areas. Normally, they use fishing gear 
such as troll line, hand line, traditional bottom long line, 
traditional bottom gill net and trap/pot 
(Fig. IA-F). 

Modern fishermen, on the other hand, are associated 
with business activity which has the characteristics of 
commercial activity, industrial-based, large-scale 
business and operates in offshore area. 

In fact, not all fishermen have the opportunity 
available to take advantage of the modernisation trend. 
Easy access towards the available economic and 
political resources is only reached by a small number 
of fishermen. This further creates a gap in the ownership 
of high-tech production equipment and generates 
distortion of incomes amongst fishermen, which then 
leads to the emergence of economic difficulty and 
poverty amongst the fishermen’s households. 

Economic difficulty and poverty have been 
considered as the main factors for fishermen to practise 
over-exploitation and destructive fishing by using 
explosives, cyanide, etc. These practices have brought 
about bad impacts upon the sustainability of marine 
resources and the fishermen’s incomes, particularly for 
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Fig 1 . Gear employed by Indonesian traditional fishermen: A, troll line used for catching fish such as tuna, mackerel and other pelagic 
fish; B, hand line used for catching pelagic and demersal fish; C, traditional bottom long line used for catching demersal fish such as 
snapper, barramundi, etc.; D, traditional bottom sill net used for catching demersal fish; E, trap/pot used for catching demersal and 
coral fish; F, traditional boat with outboard motor. 


214 





























Marine conservation and traditional fishermen in Indonesia 


traditional fishermen. The result is that traditional 
fishermen, who were accustomed to fishing in inshore 
areas, are forced to expand their operations to offshore 
areas, which are already under extreme competition, 
particularly from modem fishermen. 

However, this expansion to offshore areas should 
not merely be viewed as just the result of competition 
between traditional and modern fishermen. From 
generation to generation, the majority of traditional 
fishermen have been operating their fishing/sailing 
based on and following their traditional right, that is 
the right to manage and utilise marine and coastal 
resources collectively by and for the benefit of all 
members of their society (fishermen), aiming at 
maintaining the sustainability of resources; and not by 
and for the benefit of individual fishermen. 

SUMMARY AND CONCLUSIONS 

1. One of the ways to control excessive exploitation 
of marine resources is through marine resource 
conservation, by allocating areas for conservation 
which have great potential in their marine biodiversity 
and representative ecosystems. 

2. The decision to maintain areas for marine 
conservation, however, should not exacerbate the socio¬ 
economic condition of its local/indigenous people, 
particularly traditional fishermen. Therefore, efforts in 
empowering them have been developed by Indonesia 
through various activities such as seaweed cultivation, 
grouper mariculture, etc. 

3. Based on Legislation Number 5 of 1990 and the 
Government of Indonesia’s Regulation on Nature 
Reserves, there are four categories of conservation 
areas in Indonesia : (1) Strict Marine Nature Reserve; 
(2) Marine Wildlife Reserve; (3) Marine National Park; 
and (4) Marine Recreational Park. 

4. Based on its implementation, there are two types 
of marine species conservation such as in situ and ex 
situ conservation. 


5. Indonesia has declared to protect 10 million 
hectares of its marine and coastal areas for conservation. 
Of that amount, only 5.07 million hectares have been 
legally established. These are spread over 37 locations 
in 17 provinces. They comprise: Strict Marine Nature 
Reserve Areas in 10 locations; Marine Wildlife Reserve 
Areas in 6 locations; Marine National Parks in 7 
locations; and Marine Recreational Parks in 14 
locations. 

6. The six marine conservation areas which have 
already given their Waters Boundary Arrangement and 
Reference Point on Land are : Bunaken Marine National 
Park in North Sulawesi; Wakatobi Marine National Park 
in South East Sulawesi; Komodo National Park in Nusa 
Tenggara Timur; Bali Barat National Park in Bali; 
Kepulauan Seribu Marine National Park off Jakarta; and 
Ujung Kulon National Park in West Java. 

7. A traditional fisherman is defined as a fisherman 
who earns his living for his self-subsistence, has a pre¬ 
industry type of activity, small scale business and 
operates in inshore areas. A modern fisherman is 
associated with business activity with the 
characteristics of commercial activity, industrial-based, 
large-scale business and operates in offshore areas. 

8. Economic difficulty and poverty are considered 
as the main factors for fishermen to practice over- 
exploitation and destructive fishing. These practices 
have impacted badly on the sustainability of marine 
resources and fishermen’s incomes, particularly those 
of traditional fishermen. 

9. The expansion of traditional fishermen in their 
fishing should not be viewed just as the impact of fishing 
competition between traditional and modern fishermen. 
From generation to generation, traditional fishermen 
have been operating their fishing following their 
traditional rights. 

10. Traditional rights are the rights to manage and 
utilise marine and coastal resources collectively by, and 
for, the benefit of all members of society (fishermen), 
aiming at maintaining the sustainability of marine and 
coastal resources. 
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APPENDIX. Traditional Indonesian sailing boats 

Traditionally, an Indonesian sailing vessel ( perahu ) is classified in two 
ways, i.e. by a term for her rigging and sails and by a different name for the 
shape and type of the hull. Accordingly, differences in naming traditional 
craft, which are obvious for a sailor or a boat builder, can be a bit tricky for 
the layman. 

Indonesia’s indigenous type of rigging is the layar ("sail') tanjaq. Craft 
using the rectangular tanjaq sails since early times have been reported by 
Chinese, Arab and European sources as the typical ships of the island below 
the wind, and even on the walls of the Borobudur temple there are carvings 
showing huge outrigger boats using that kind of sail. Today, tanjaq-rigged 
boats are difficult to find as this type of sail now is in use only on some 
smaller fishing craft. 

The best known type of vessel rigged with tanjaq was the padewakang 
(Fig. 2A), widely employed for long-distance trading and fishing until the 
early days of this century. Padewakang were the biggest craft of the trading 
and war fleets of the famed South Sulawesi kingdoms, used by Mandar, 
Makassar and Bugis traders and warriors for hundreds of years in plying 
the seas between Papua New Guinea and the Malayan peninsula. They 
routinely sailed for the northern Australian coasts in search of trepang 
(beche-de-mer), and in a Dutch publication of the last century there is even 
a drawing of a padewakang under full sail which is titled "a Sulawesi pirate 
vessel in the Persian Gulf’. 

During the last century Sulawesian sailors began to combine the big 
rectangular sails of the tanjaq- rig with the fore-and-aft type of sail which 
they saw on European and American gaff-rigged ships then venturing into the 
Archipelago. It took about 50 years until these trials developed the pinisiq- 
rig, which for the better part of the next century became the typical sail of 
South Sulawesi's perahu (Fig. 2B). 



Fig. 2. Indonesian sailing boats. A, Padewakang style; B, Pinisiq- rig. 
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ABSTRACT 

This is a report on a field study conducted in 1997 in the Indonesian fishing community of Papela on the island of 
Roti. This community has traditionally fished the reefs and water around the Ashmore and Cartier Islands. The focus 
of the study was on “customary” law and mechanisms in the fishing industry and community, although the study 
inevitably touches on the broader context of government regulation and economics. A brief assessment is made of the 
suitability of structures within the community for asserting such traditional resource rights as might be recognised 
under Australian and international law. 

Keywords: Papela, traditional, Fishing rights, Ashmore, Australia, Indonesia, customary law, marine resource management. 


INTRODUCTION 

The community of Papela lies within Indonesia and 
comprises Indonesian citizens. The fisheries resources 
it has traditionally exploited as the source of its 
livelihood and, indeed, the reason for its existence, now 
lie across an international border in Australia. The 
denial of, and unjustified interference with, the 
traditional resource rights of this community by the 
various instrumentalities of the Government of 
Australia has, over the course of many years, resulted 
in the apprehension and destruction of their fishing 
vessels and the jailing of fishermen as well as a range 
of “management” controls being placed on the activities 
of fishermen from this community. 

For me, this particular situation raised issues that 
seemed to intersect, almost uniquely, with several 
personal and professional interests. I had previously 
worked as a lawyer dealing with the recognition of the 
customary law rights of communities in Aboriginal 
Australia. As a result of the Mabo decision and 
consequent native title legislation, the recognition of 
customary law rights of peoples present in Australia 
before the assertion of sovereignty by Britain (and, as 
successor, the nation state of Australia) had been 
acknowledged and widely debated. I had also spent 
considerable time in Indonesia learning the language 
and beginning to understand its cultures, and 
governmental and political structures. The Papelans are, 
perhaps, the group of Indonesian citizens that most 
clearly possess traditional rights in areas within 
Australia’s territorial borders. 


I was interested to discover how this community 
exercised (or attempted to exercise) its rights through 
the particular community and government mechanisms 
available to them. In October, November and December 
1996 I carried out a field study in the community of 
Papela focused on “customary” law and mechanisms 
in the community for the assertion of their rights and 
interests. This paper is largely based on that field study. 
Much of the information was gathered directly from 
interviews, both formal and informal, with members 
of the community 1 . 

I was also interested in the general comparative and 
international legal aspects of their situation. My 
Master’s thesis dealt with issues that had come into 
focus through the field study in Papela. In particular, 
the problems created by international law, as a law 
based almost exclusively on state entities and the rights 
of states, for communities in asserting their traditional 
rights. The findings of that thesis directly bear on the 
situation in Papela and some of them have been 
incorporated into this paper. 

BACKGROUND 

The Papelan Community. The fishing community 
of Papela is located on the island of Roti south-west of 
Timor. Roti forms the southernmost point of the 
Indonesian nation and is adjacent to the maritime border 
with Australia (Fig. 1). It is a little over 100 km from 
the Ashmore and Cartier Islands. 

According to local tradition 2 , Papela was established 
during the sixteenth century as a base from which to 
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fish the shark and trepang grounds around the group 
of sand islands and reefs of the Ashmore and Cartier 
Islands that lie between north-western Australia and 
Roti. These islands, and the rich fishing grounds 
surrounding them, are said to have been discovered by 
two Rotinese fishermen blown off course in a storm. 
This would constitute a period of some 500 years since 
Papelans have been exploiting these fishing grounds. 3 

Most members of the Papelan community are 
descended from the seafaring peoples of south and 
south-east Sulawesi, such as the Makassans, Bugis, 
Butonese and Bajo, as well as the people of the islands 
that lie on the sea route from there, such as Fiores, Solor 
and Alor. Since the establishment of the community, it 
has been tied to the maritime powers of south Sulawesi, 
in particular Makassar (now Ujung Pandang) as the 
centre for the trade in marine products. This trade has 
included trepang and shark fin, destined for the Chinese 
market to be used in soups and both reputed to have 
medicinal properties. 

Papela has several thousand inhabitants. Although 
the majority of the villagers to whom I spoke now 


consider themselves to be “native” to Papela, the 
traditional links along the sea route within Indonesia 
are maintained and many people still have family in 
those areas and may return there on a seasonal basis. A 
sizable contingent of recent arrivals from throughout 
Indonesia also makes Papela their home. The 
inhabitants of Papela are almost exclusively Islamic. 

Several years before the time of my research in Roti, 
a Bajo village had been established adjacent to Papela. 
The Bajo are also referred to as the “sea gypsies” or 
Sami and have a language and culture that is distinctly 
their own. Although some Bajo have always lived in 
Papela, the inhabitants of the Bajo village generally 
maintain a cultural identity and social existence that is 
separate from the Papelans proper. Economically, 
however, they are almost entirely integrated into the 
general fishing industry in Papela by crewing on boats 
owned and captained by long term residents of Papela. 
Most of the Bajo return to Mola, an island in the Tukang 
Besi group, located some 300 km from Kendari in 
south-east Sulawesi, from late November to early April, 
using the monsoonal winds that also bring cyclones and 
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generally unfavourable weather conditions to the 
fishing grounds. The Bajo have fished the waters south 
of Roti and Timor from a variety of bases (in accordance 
with their high mobility as a group) for generations. 

The Rotinese are a distinct cultural and ethnic group, 
who comprise the overwhelming population of the 
island of Roti, and are a predominantly agricultural and 
Christian people. The Rotinese have no significant 
presence or participation in the fishing community ol 
Papela. Eahun, several kilometres inland, is the nearest 
major Rotinese centre. 

The drawing of borders and the Memorandum 
of Understanding. The European colonial empires of 
the Dutch and the British, through a staged process (the 
entire history of which is not essential for the present 
purposes), asserted sovereignty over the landmasses of 
the East Indies and the Australian continent 
respectively. Great Britain took formal possession of 
the Ashmore Islands in 1878 and Cartier Island in 1909. 
This would have been based on the same now debunked 
grounds as the assertion of sovereignty over the 
Australian continent itself, namely that it was 
considered to be terra millius because the islands had 
no permanent settled inhabitants. From the 1920s, an 
Australian guano operation was established in the area 
using Rotinese labour. It was only in 1931 that Britain 
transferred the Ashmore and Cartier Islands to Australia 
by an Imperial Order in Council 4 . In the Dutch East 
Indies the assertion of sovereignty occurred on the basis 
of treaties with the local rulers, such as those with the 
feudal lords of Roti dating from the seventeenth century 
(Fox 1986). 

In the international law of that time 5 , the assertion 
of sovereignty over land masses included a standard 
zone of exclusive control and ownership, the “territorial 
sea”, that extended three nautical miles from the coast. 
Most of the waters at issue would thus have come under 
the sovereignty of Britain (and in turn Australia) some 
one and a quarter centuries ago. However, it is likely 
that, at this time, these waters had been regularly fished 
by the community of Papela, in order to obtain trepang 
and shark fin to trade, for perhaps three hundred years. 

Claims by the nation states of Australia and 
Indonesia to ever more extensive seas have continued 
to move forward. There is not simply one border 
between the countries but a whole set (Fig. I) that differ 
in relation to the nature and extent of sovereign rights 
asserted by each nation state: 

• In 1952 Australia unilaterally claimed the living 
natural resources of the entire Australian continental 
shelf, which extends to within one hundred miles 
of Roti. This assertion of sovereignty purported to 
include the sedentary resources, such as trepang and 
trochus (rather than the fisheries resources of the 
water column itsel 0 within the vast majority of the 
Papelans’ traditional fisheries; 


• In 1968 both nations extended their territorial seas, 
a zone of exclusive control, to 12 nautical miles; 

• In 1973, agreement was reached between the two 
countries regarding the majority of a seabed 
jurisdiction line for the purposes of control over 
subsoil resources. Further negotiations carried out 
in 1993 between Australia and Indonesia resulted 
in the (always highly controversial and politically 
compromised) Timor Gap Treaty for the exploration 
and exploitation of the non-living resources of a 
large part of the seabed lying between Australia and 
Indonesia. The treaty area stops just short of the 
Ashmore and Cartier Islands, which have been 
identified as a highly prospective region for oil and 
gas ( ’; 

• In 1979 Australia, along with 60 other countries, 
extended its exclusive fishing zone to 200 nautical 
miles. The United Nations Convention on the Law 
ofthe Sea (UNCLOS III) of 1982 (only coming into 
effect in 1994) has retrospectively legitimised these 
extensions to sovereignty. In 1981 an agreement was 
reached with Indonesia on a provisional fisheries 
surveillance and enforcement boundary, in most 
cases approximately equidistant from each country’s 
coast. The Ashmore and Cartier Islands were not, 
however, given full effect as points from which to 
measure Australia’s fisheries zone due to their 
peripheral and non-self supporting economic status 
and their proximity to heavily populated Indonesian 
islands (Kaye 1995). 

The effect of these extensions of sovereignty has 
been that gradually the traditional fishing grounds of 
the Papelans have come to lie entirely within Australian 
territory. It was only in the 1970s that the Australian 
Government attempted to restrict fishing in those waters 
by Indonesian craft. Negotiations with the Indonesian 
Government resulted in the Memorandum of 
Understanding (MOU) of 1974 by which a kind of 
“reservation” was set up for Indonesian fishermen 7 . The 
MOU was negotiated directly between Australia and 
Indonesia consistent with the (now outmoded) dicta of 
the International Court of Justice in the Icelandic 
Fisheries cases 8 , which acknowledged “traditional 
fishing rights” but considered them as belonging to 
particular nation states. The MOU zone initially 
encompassed the Ashmore and Cartier Islands, six other 
exposed reefs and cays in the vicinity and an area of 
12 nautical miles surrounding each. As a result of the 
later maritime expansions, and the consequent 
intergovernmental agreements, this zone is now 
adjacent to the Indonesian border. 

The MOU provides that within the MOU box area: 

• Only Indonesian fishermen using “traditional” 
sailing craft and methods of catch may fish within 
this zone. This means that fishermen may only use 
sail and compass and may not operate a radio; 
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• Fishing and collecting may only be carried out by 
“traditional” means; 

• It is forbidden to take turtles or their eggs or any 
land based products; 

• Fishermen are only allowed to step onto land within 
the MOU zone at two of the Ashmore islands, and 
only for the purpose of collecting fresh water. 

The taking of trochus, trepang, abalone, green 

snails, sponges and other molluscs was initially allowed 
throughout the zone. In 1988, however, the Ashmore 
Reef National Nature Reserve, including the reef area 
of Ashmore Island, was created. This drastically 
reduced the extent of the area in which these products 
can be collected, which has effectively restricted it to 
the sea bed adjacent to Browse Island and Scott and 
Seringapatam Reefs. 

Pressure on marine resources and the 
enforcement of the border and terms of the MOU. 

According to the fishermen, present users of these 
fishing grounds include commercial Australian 9 
fishermen as well as foreign craft, usually from Taiwan 
and Japan, granted concessions by Australian and 
Indonesian governments 10 . They employ state-of-the- 
art technology with reputedly devastating effect and, 
unlike Indonesian vessels, most have sufficient capital 
to purchase licences (or if not, sufficient technology to 
evade capture). 

Also, many Indonesian fishermen without any 
traditional association or rights in these waters carry 
out fishing operations according to the antiquated and 
dangerous “traditional” methods specified in the MOU. 
The strain on the resources of the MOU area is thus 
due to fishing by groups that, although within the 
MOU’s terms, are not traditionally entitled. 

There are also fishermen from several other areas 
of Indonesia fishing these waters who, in some 
instances, may also be able to assert traditional fishing 
rights." Fishermen from the Rotinese port of Oelaba, 
mostly collect trochus by traditional means in 
Australian waters. The Bajo move from location to 
location to earn a livelihood wherever the fisheries are 
most bountiful. Their own associations with the 
fisheries of the MOU area, as well as Australian waters 
to the east of that area in the Sahul Banks, are of 
considerable antiquity, although by nature intermittent. 
As fisheries resources throughout the areas of the 
Bajo’s traditional migrations become depleted, it is 
increasingly difficult for them to simply move on. Many 
vessels based in Sulawesi and other Indonesian ports 
also fish the waters south and south-east of Roti and, 
indeed, throughout the Indonesian/Australian border 
zone. These craft, unlike those of the Rotinese, may be 
of considerable size and motorised 

Relations with other fishermen, “illegal” or licensed, 
were said to be amicable and relatively free from 
resentment over competition for a finite resource. In 


certain areas of Indonesia, however, conflicts have 
escalated between fishermen from different regions or 
using different methods of catch. 13 As pressure on 
marine resources within Indonesia mounts, ports 
adjacent to the border zone, including Papela, are 
becoming a magnet for their accessibility to unexploited 
resources. 

Mostly, fishermen in Papela, when asked, say that 
they regard the seas as open and free and are not 
inclined to claim exclusive ownership of the resources 
in their traditional fishing grounds. Nevertheless, the 
fishermen consider that their continued ability to obtain 
a livelihood from these waters should be given priority 
over other users who would effectively prevent that 
livelihood being maintained. 

At the time I was in Papela, the Australian 
Government had begun exercising an increasingly 
intolerant approach towards “illegal fishermen”. Boats 
that, according to the fishermen, were unintentionally 
breaching the strict terms of the MOU and Australia’s 
borders, were seized by the Australian Navy, under 
directions from the Department of Fisheries, and the 
crews taken into custody. 14 Boats were towed to either 
Broome or Darwin. The crews are kept in detention 
for periods from a week up to a month aboard their 
vessels while awaiting trial under section 10.2 of the 
Fisheries Act 1991 as “foreign nationals fishing without 
a permit in Australia’s exclusive fisheries jurisdiction 
zone”. 

Many fishermen state that the risk is not simply of 
being apprehended for intentionally fishing out of 
bounds in Australian waters or breaking the strict terms 
of the MOU, but also of being apprehended for 
unintentional violations (or, according to some reports, 
quite arbitrarily). Fishermen explain that, due to 
primitive navigational method, as required by the MOU, 
they are often unable to take reliable bearings or prevent 
drifting into Australian waters that are out of bounds 
(as these are not marked). There is a lack of 
information, as well as an understandable confusion 
amongst the fishermen, about the terms of the MOU 
and the area it covers. This confusion has led to the 
fishing community becoming fearful of asserting those 
limited rights to fish that have already been recognised. 

Australian Legal Aid may assist the fishermen with 
their defence 15 and Indonesian consular staff are usually 
in contact. The captain is fined an amount of AS2500 16 . 
The impounded boats are then burnt. Fishermen are 
fined on their third offence. As most do not have the 
means to pay the fine of $3000, this results in their 
imprisonment for a number of months in a regular 
prison. The fishermen are flown back to Indonesia 
principally at the Indonesian Government’s expense. 
Generally, the fishermen claim to be well treated. In 
the meantime, the families of those fishermen are often 
left with no means of support. 
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Since the time of the field study research, on which 
this article is largely based, was carried out, the 
Ashmore area has become a focus of attention within 
Australia as a result of people smuggling activities. 
Dwyer (2001) has documented these developments and 
the role of the Indonesian fishermen of the MOU zone 
in this activity. It is apparent that the loss of livelihood 
by the fishermen is a significant (and predictable?) 
factor in their involvement in such activities, although 
a detailed examination of that phenomenon is outside 
the scope of this paper. 

Effect on the community and their reactions. The 

livelihood of the community as a whole has been 
severely eroded by the actions of the Australian 
Government. During the year I was in Papela, 47 boats 
out of a fleet of around 200 boats were captured and 
destroyed. This resulted in over 250 fishermen being 
without a livelihood. The effect of this can be multiplied 
by each fisherman’s unsupported dependents as well 
as businesses relying on their income. Community 
members claim an increase in violence, disenchantment 
and alcoholism as a direct effect. 

By even casual observation, Papela is poor - 
something it shares with many communities in this 
vicinity. Malnutrition, infant mortality and birthrates 
are high. 17 Houses are small and crowded, and only a 
small number have even simple amenities such as 
running water. Few individuals have continued their 
education further than primary level. The average 
fisherman is lucky to earn 10 000 Rp (a little more 
than AS2 at time of study) a day, although a small 
number of boat owners or “bosses” and their families 
live in moderate opulence. 

Although the fishers are an exclusively male group, 
usually aged from their mid-teens to their thirties, the 
economic crisis in the community resulting from the 
Australian Government’s actions directly affects the 
entire community. There is understandable anger 
towards Australia for denying the community a 
reasonable livelihood from their traditional fishing 
grounds and for causing further economic ruin by 
apprehending, fining and imprisoning fishermen and 
burning their boats. 

There is an economic imperative to fish for a 
livelihood. As emphasized by one fisherman: “It’s not 
the same as Australia here; if we don’t mencari nafkah 
(secure a subsistence) the government doesn’t give us 
money, we starve!” Nevertheless, the economic and 
labour relations within the fishing industry appear to 
be highly inequitable. Most fishermen work for a “boss” 
in return for a share of the catch. The majority are 
already in debt either to a boss or a moneylender before 
departing to the border fishing grounds. Provisions, 
including fishing equipment, are at the expense of the 
fishermen. When the fishermen lose their means of 
livelihood they become further indebted to the boss. 11 * 


Regular fishermen bear the economic brunt of the 
Australian Government’s actions. Despite the great 
expense incurred, including the loss of a boat worth 
approximately $6000, the “boss” is apparently still able 
to find funds of his own or via financial backers in 
Kupang, Ujung Pandang and Surabaya (many of whom 
also market the catch) l9 to build more boats 20 . The losses 
can be considered as one of the costs of doing business, 
so long as the value of the catch justifies the risk 21 . 
However, the recent escalation in the capture of boats 
threatens to decrease profits to the point where funders, 
and even the bosses, might not consider the outlay 
justified. 

SOLUTIONS 

Legal bases for the Papelans to assert their rights. 

It is only as recently as 1992, in the Mabo decision, 22 
that the highest court in Australia has recognised that 
the customary laws of peoples present in Australia prior 
to the Government’s acquisit ion of sovereignty can give 
rise to rights as part of the common law of present day 
Australia. The Native Title Act 1993 was a legislative 
response by the Australian Government to attempt to 
extinguish the rights of Aboriginal and Torres Strait 
Islander people that had been recognised at common 
law and replace them with a legislative scheme of land 
and sea rights. Negotiations preliminary to the 
legislation, and the legislation itself, did not include 
any foreign nationals (such as the Papelans). Arguably, 
it may not have acted to extinguish those rights and 
the present actions of the Australian Government may 
be contrary to the common law of Australia. 

Under certain conditions the extinguishment of 
rights, either partially or wholly, can occur as the result 
of previous acts of the Government. However, the 
Racial Discrimination Act 1975 ("RDA") prohibits 
discriminatory treatment of the property rights of this 
group occurring at any time after the Act came into 
operation. Any extinguishments of rights would have 
to result from negotiations with the rights holders 
themselves (rather than with another national 
government) and be in accordance with “just terms” 
compensation requirements in the Australian 
Constitution. 

It was only in 1979 with the extension of 
Australia’s fishing zone to 200 nautical miles that 
most of the relevant waters became part of Australian 
territory. The Marine Park gazettals occurred as 
recently as 1988. The MOU, which is over the “MOU 
box” area only, was entered into in 1974, which is 
before that Act. Traditional rights are, however, not 
extinguished by laws, which merely regulate their 
enjoyment or create a scheme of control with which 
they are consistent 23 . Both the Fisheries Act, which 
prohibits foreign nationals from fishing in Australian 
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waters without a licence, and the MOU itself, set up 
schemes of control and as such should not operate to 
extinguish the underlying rights. The MOU can 
perhaps best be seen as an agreement between 
governments to control and regulate the enjoyment 
of the historical and traditional rights of a community. 
During the negotiations for the MOU the Papelans 
themselves were only consulted indirectly 24 . The 
MOU did not embody their agreed negotiating 
position and, as such, should not be effective as a 
voluntary extinguishment of their rights. 

Furthermore, there are a number of applicable 
international law provisions that should act to protect 
the traditional rights of the Papelans. UNCLOS III, to 
which Australia (and Indonesia) are signatories, 
stipulates that a commercial fishing community, such 
as Papela, may claim historical or traditional rights 
within the 12 to 200 mile zone based on prior use and 
continued reliance. Judicial mechanisms exist to 
enforce this agreement - though it is only signatory 
nations rather than affected communities that possess 
standing to bring such an action. There are a range of 
norm setting instruments to which both nations are 
party. 25 Some of these have been incorporated into 
domestic legislation, though there is a strong imputation 
that administrative and, ultimately, judicial decision 
makers should apply principles that have been already 
been agreed by the Nation’s executive. 

Some attempts have been made to obtain recognition 
of the customary rights of the fishermen of Papela 
through the Australian court system. In 1997 the so- 
called “Broome Fisheries case” 26 , before the Western 
Australian Court of Petty Sessions, used customary law 
rights as a defence to challenge the arrest of fishermen. 
This was rejected on the basis that those rights were 
economic in nature and so could not be considered 
“traditional”. Although the recognition by Australian 
Courts of Aboriginal customary rights has not included 
a right to trade or “economic right”, this is because 
convincing evidence has not been adduced to establish 
that there was “trade” in resources of the land or sea. 
In relation to Papela, “trade”, in the most obvious and 
easy to recognize meaning of that term, has clearly been 
the basis of their use of these fishing grounds ever since 
their discovery by the community. 

It is, perhaps, expecting too much of a court, in the 
first instance, to have such a clear understanding of 
developments in native title law and Australia’s 
international obligations as to be able to distinguish 
the nature of the rights held by the Papelans and, as a 
consequence, accord them recognition. The case was 
not, however, rejected on any other basis, such as the 
rights holders being foreign nationals or the rights 
having been extinguished by some identified act or 
legislation. An appeal to this decision is restricted by 
the lack of funding. 


The recognition of the right of the Papelans in the 
form of a “native title case” would be an even larger, 
more involved, and expensive exercise. Papelans could 
seek a declaration from the Australian Courts (probably 
the Federal Court, at first instance) that it has customary 
law rights, and to the nature of those rights. Such a 
case would result in the effective description and 
recognition of the traditional rights held in the area as 
a form of “title deed”. It is important to note that native 
title funding is controlled by the Aboriginal and Torres 
Strait Islander Commission and is allocated to particular 
representative organizations that then make decisions 
about which cases they will fund through the Court 
process. The Ashmore and Cartier Islands lie within 
the representative zone area of the Northern Land 
Council and the decision about whether to fund such a 
case would depend upon that body. It is not obvious 
that their membership, defined as Aboriginal and Torres 
Strait Islander, would see any advantage in funding a 
claim by a group of Indonesian citizens. 

Regardless of the practical obstacles to enforcement 
of their rights, recognition and renegotiation of the 
rights of the Papelans should, as a matter of correct 
administrative practice, be in line with developments 
in Australia’s common law and its international 
obligations. Re-negotiations, which are likely to be 
necessary to effectively protect and clarify the exercise 
of rights, must be carried out with the rights holders 
(who should be fully informed of their likely rights) 
through mechanisms that can be genuinely said to 
represent them. Some potential mechanisms are 
identified and their nature and suitability are also 
discussed below. 

ELEMENTS OF AN APPROPRIATE 

RECOGNITION OF TRADITIONAL RIGHTS 

Allowance for technological development. A 

traditional right to exploit a resource does not require 
that the means by which that resource is exploited remain 
fixed or “traditional”. A traditional right is defined by 
the purpose of that right, which, in the case of the 
Papelans, has been commercial from the outset. Within 
an appropriate framework, technological developments 
such as the use of motors, diving equipment and 
improved methods of catch, could have a positive effect 
on the economics of the community and need not, in 
themselves, detract from other agreed management 
objectives. In addition, as many as 20 fishermen a year 
from Papela alone perish in Australian waters as a result 
of primitive craft and a lack of navigational instruments 
or cyclone warning equipment as dictated by the terms 
of the MOU. These stipulations also make the location 
of boundaries difficult, leaving the fishermen open to 
capture and destruction of their boats. 
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Rights within a more extensive area. According to 
responses obtained from fishermen, the MOU zone 
constitutes the majority of the Australian waters fished 
by the Papelan community proper since antiquity. The 
Bajo, in addition, have traditionally fished the waters of 
the Sahul Banks in Australian waters to the east of the 
MOU zone. During the 1950s until before the MOU, 
craft from Papela were fishing off the Kimberley coast 
and as far south as Port Hedland. Although these 
practices are not generally claimed to be of any great 
antiquity they do date from before the Australian 
Government's extension of sovereignty over the area in 
1979. 27 Access should be provided to an area that accords 
with previous traditional fishing grounds as existing at 
the time of the extension of Australia’s maritime 
sovereignly. 

Rights to more extensive resources. The MOU 
contains various restrictions on the marine and land 
resources that can be harvested in the MOU zone. The 
declaration of the marine reserve further limits the extent 
of resources that can be harvested. While there may be 
good conservation reasons for these restrictions, they 
were made even against the limited input of the Papelan 
community at the time of the MOU negotiations and no 
compensation for the loss of their interest was given. 

Exclusion of groups not entitled. At present, any 
Indonesian boat can operate in the MOU zone so long 
as it does so in accordance with the MOU conditions. 
Historical and traditional rights, however, belong to 
various specific groups of Indonesian fishermen 28 . 
Proposals have been made that licences should only be 
granted to entitled parties. This would specifically 
target those communities traditionally or historically 
entitled who have been most disadvantaged by 
extensions to Australia’s waters. Identifying the entitled 
group would be an important element in the sustainable 
management of the resource. Education of fishermen 
in appropriate fisheries practices could be given.-’ 1 ’ 

Joint management rights. At present, there is no 
ongoing participation by the Papelan community in the 
management of the resource and the fishermen remain 
woefully uninformed about provisions and decisions 
that affect their very livelihoods. Deleterious results 
have been outlined, in particular, that the rights and 
interests of the fishermen have not been protected and 
that they are subject to arbitrary and unfair treatment. 
Many models of environmental management involve 
stakeholders as partners as a practical necessity for 
effective implementation. 30 The environmental effects 
of the failure of meaningful dialogue to occur were 
outlined in other papers in this volume. 

The recognition of traditional rights ot ownership 
does not prevent the Government from exercising any 
form of management control over those areas. Laws 
are made that affect the exploitation or enjoyment of 
those resources (although the unrestricted exercise of 


this power may be contested). Increasingly, the 
management decisions regarding such matters as 
conservation policies, the granting of licences or 
competing uses (such as mineral exploration and 
exploitation or tourist development) are being made 
with equal or, at least, substantial membership of the 
management board by traditional right holders. The 
expenses entailed in providing input, including the 
logistical and secretarial support to make that input 
effective, are paid by the Government. 

Right to negotiate. The establishment of traditional 
rights also gives rise to negotiating rights regarding 
proposed usages of those lands and waters that conflict 
with the exercise of those traditional rights. This also 
applies to the recognition of non-exclusive sea rights. 31 
This should include any oil or gas production in the 
area. 32 Compensation could be in the form of aid 
packages, royalties, or access to other resources. 

Compensation for past actions. Finally, for some 
25 years the community of Papela has had the exercise 
of its legitimate rights interfered with by the Government 
of Australia. The Mabo judgment has clarified the 
existence of these rights and the Racial Discrimination 
Act 1975 protects them from extinguishment. 
Consequences may flow from the actions of the 
Government such as: 

• Compensation for economic loss. This could include 
the cost of destroyed vessels and the resulting loss 
of livelihood to the community; 

• Compensation for false imprisonment. 

REPRESENTATIVE STRUCTURES THROUGH 
WHICH THE COMMUNITY CAN ASSERT THEIR 
RIGHTS 

There are various options for the assertion of rights 
by the community: legal actions through the Australian 
(and, potentially, international) legal system; the 
renegotiation of an agreement for the recognition of 
rights; and any co-management arrangements that may 
be put in place as a result of such initiatives. Each 
option requires that mechanisms through which the 
community can exercise their rights, be identified. The 
starting point is an examination of the present structures 
and the roles they play. Ultimately, however, it may be 
that present mechanisms cannot adequately carry out 
this role and may require further development. 

Indonesian Government structures. As citizens of 
Indonesia, the community of Papela has, not surprisingly, 
turned to the mechanisms of that nation state to assist in 
asserting its rights and interests. Indonesia does not have 
a great track record for respecting community rights or 
for the carrying out of effective consultation. It was my 
conclusion that the mechanisms of the Indonesian 
Government have not effectively championed the rights 
and interests of the community. 
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Indonesia characterizes itself as a unitary ( kesatuan) 
state. It has had a very “top down” bureaucratic culture 
and the agendas and actions of its many levels of 
government have largely dictated from above. Section 
33.3) of the Indonesian Constitution {Lindang Undang 
Dasar 1945) specifies that all lands, waters and the 
natural resources they contain are controlled by the Slate 
and are to be used for the greater prosperity of the people. 
Nevertheless, there is recognition, in both the “Land 
Law” of Indonesia (which also has relevance to rights 
over sea areas) and the Indonesian Constitution, of adat 
(customary law) as a valid source of law. Likewise, 
Indonesia is a signatory to UNCLOS III, which gives 
protection to traditional fishing rights 33 . New policies 
of regionalisation and decentralization are being 
formulated and gradually implemented and this may 
eventually lead to a departure from the established 
pattern. The Indonesian Government has still, however, 
not put in place effective political and legal mechanisms 
to assert and protect traditional rights. 

Adat law in Indonesia has, in short, been relegated 
to a marginalised and compromised role. This results 
in a certain myopia and incomprehension among the 
Papelan community, its own leaders and 
representatives, and those of the Government regarding 
adat law as it may be able to be applied within the 
borders of Australia, according to Australian or 
international law. 

Local Government in Papela. The economic, social 
and cultural focus of the community of Papela is on its 
fishing industry. However, the local government 
structure or “ desa ” provides few opportunities for 
organic and coordinated input from the community. The 
village leadership and administration officials, the 
Kepala Desa and Sekretaris Desa , do not regard 
fisheries issues as within the scope of the Desa 
administration. Despite housing the majority of the 
Desa' s 13 000 inhabitants, none of the residents of 
Papela is a member of the Lembaga Ketahanan 
Masyarakat Desa (that amounts to a village governing 
committee). The Bajo community adjacent to Papela 
proper, in particular, exists almost totally outside Desa 
administration. Desa positions of responsibility are the 
monopoly of the ethnically Rotinese inhabitants of 
Eahun whose culture and concerns are vastly different 
from the Papelan fishing community. 

Fisheries staff. Community perceptions of 
Indonesian fisheries staff with whom they had contact 
were almost universally negative. The fishermen of 
Papela pay large licensing fees and taxes to them for 
port departure and on the catch itself. 34 According to 
the PELRA Chairman, the Cooperative Head and the 
fishermen themselves, most of their concerns were not 
relayed to the effective policy and decision-making 
bodies. If concerns do manage to climb through the 
multiple levels of government to the Central 


Government in Jakarta, any meaningful content has 
already been screened out. 

Under the terms of the MOU, the Indonesian 
Government is responsible for informing Indonesian 
fishermen of their rights and responsibilities. 
Effectively, this has not occurred. 35 The Kecamatan 
(an administrative unit comprising several desas) is the 
level of government with which community members 
have the most contact. The Kecamatan fisheries head 
explained “we just do what the Kantor Kabupaten [the 
next level of administration up] tells us to do”. The 
Kantor Kabupaten staff in turn deferred to the 
Kecamatan staff as the people who were most informed 
and in touch with the community. Department of 
Fisheries staff at both levels were unaware of the 
contents of fisheries legislation, management policy or 
fishermen’s traditional rights, and were certainly 
mystified by the suggestion that they had a role in 
coordinating input from the fishing community in 
relation to fisheries policy. 

Adat law and community representative bodies 
in Papela. 

Fishermen's Association. Most fishermen 
nominally belong to the Fishermen’s Association or 
“PELRA” (persatuan pengusaha PELayaran RAkyat). 
The present Chairman of PELRA, Haji Nuwawi, 
identifies himself as hereditary leader by descent 
(“secara tiirun temurun ”) and as such, arbiter of the 
adat law' in the community. He is also a religious 
leader. He asserts the right of the Papelan fishing 
community, based on a centuries long commercial 
usage, to continue to commercially exploit its 
traditional fishing grounds and the islands of the MOU 
zone. He makes no distinction between the application 
of this right to Papelan natives and Papelan residents. 
Nuwawi clearly believes that PELRA, under his 
leadership, is the appropriate body to specify such 
“customary law” conditions. Adat law in accordance 
with this formulation is, however, autocratic and rather 
anachronistic. 

The vast majority of fishermen are critical of 
PELRA, its mechanisms and, in particular, the 
authority, motivation and personal demeanour of Haji 
Nuwawi. There had also been widespread 
mismanagement allegations. Nuwawi himself believed 
that consultation with the fishermen about most matters 
is a waste of time as “they do not understand the issues”. 
Arguably, PELRA has not evolved in accordance with 
community standards (which in one sense is the "adat/ 
custom” of the community) that expect wider 
participation and accountability. 

Cooperative. A cooperative had been formed in 
order to give the fishermen themselves a greater share 
of the fisheries resources. As mentioned earlier, highly 
inequitable labour relations characterize the fishing 
industry. 
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Nusbah Yasin, the head of the cooperative, has 
made submissions to Government separately from 
PELRA. A predominantly commercial entity, such as 
the cooperative, appears to have become a negotiating 
vehicle and possible arbiter of acktt law. Considering 
that the rights exercised by the Papelans have been 
commercial from the outset, this seems particularly 
appropriate. Arguably, the more participatory and 
economically equitable nature of the cooperative may 
correspond to what are now the expectations of the 
community. 

Australian initiatives. During the time I was in 
Papela, I was told of some initiatives by the Australian 
Department of Foreign Affairs to make Australia’s 
position and the terms of the MOU clear to the 
fishermen. 36 These initiatives could not be 
characterized as attempts to recognize rights 37 , or to 
renegotiate the terms of the MOU. A direct request 
from a fisherman for fishing licences to be granted to 
Papelan boats met with no concessions from the 
Australians. The PELRA Head was invited to come 
to Australia for further talks, but was unable to do so 
due to lack of finances. 

The Australian Government, as a matter of 
administrative practice and effective management, 
should, through its own initiative, endeavour to 
respect the community’s traditional resource rights 
within an appropriate framework. A prerequisite is a 
process of dialogue involving stakeholder parties 
(across language and cultural barriers). This is a 
process that would require adequate funding and 
appropriate support. 

The new draft management plans for Ashmore and 
Cartier Islands 38 refer to traditional rights holders but 
they have not been directly consulted and certainly 
their rights have not been recognized or respected. 
This planning process could have been (could be?) 
an opportunity for the traditional rights holders to be 
involved in the management of the resources over 
which they have rights and on which they are 
dependent. Effective co-management structures could 
be put in place to draw on key individuals and existing 
structures within the community. One possibility 
would be a Management Board that could engage in 
extensive consultation with the community. Perhaps 
some of the financial resources directed to further 
studies of the biology of the reef systems could be 
used to carry out these tasks. The Australian 
Department of the Environment and Heritage 
appears 39 not to consider consultation with traditional 
users of this area to be an appropriate function for its 
regular funding for the reason that these people are 
citizens of another country. 40 The licensing of boats 
and the setting of quotas to benefit entitled parties 
would be one option that such a management body 
could consider. 


CONCLUSIONS 

The disenfranchising of a local community entitled 
under their own law and, I would argue, Australian 
common law and international law, should stop. The 
Australian Government, through its various 
instrumentalities, should effectively recognise that the 
community of Papela possesses rights in the fishing 
grounds of the Ashmore Region and, potentially, other 
rights stemming therefrom. 

This would not preclude the management of the 
exercise of these rights by instrumentalities of the 
Australian Government such as the Department of the 
Environment and Heritage and, in turn. Customs and 
Fisheries. This must however, at a minimum, be 
consistent with the law of the country (including 
Australia’s international obligations). Interference with 
the exercise of rights should only occur after sufficient 
consultation through appropriate community 
representatives and may require compensation for the 
extinguishment of, or interference with, rights. Ideally, 
there should be effective co-management with 
traditional rights-holding communities, as is already 
applied in many other parts of Australia, and it should 
be a priority to put such structures in place and provide 
the support and funding to allow them to be effective. 

The fact that the rights-holding community is based 
across an international border and comprises citizens 
of another country may create cultural and 
communication problems, but does not negate the rights 
of this community. An implicit xenophobia appears to 
have created a barrier to the recognition of the rights 
of the Papelans consistent with that now being accorded 
to other traditional resource rights-holding communities 
in Australia. These barriers could be overcome with 
structures for effective representation, communication 
and consultation. Both the marine environment of the 
Ashmore Region, and the communities which have 
been traditionally dependent on it, would benefit. 
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FOOTNOTES 

1 In most cases those individuals are not identified, as it 
became apparent to me that there was some suspicion 
towards my purposes that could create difficulties for 
named informants. 

2 Haji Nuwawi, leader of “PELRA" - the fishermen's 
association. 

3 The author is not aware of thorough anthropological 
investigations that might support (or otherwise) this period 
of time. 

4 By the Ashmore and Cartier Islands Acceptance Act of 
1933, the Australian Federal Parliament established the 
islands under Western Australian administration. An 
amendment act of 1938 then placed the islands under 
Northern Territory administration. Since the Northern 
Territory’s assumption of statehood in 1975 the islands 
and their territorial seas have continued to be administered 
as a territory of Australia by the Department of Territories. 

5 A body of law that in historical retrospect was quite 
transparently concerned with regulating the carving up of 
the world between the European colonial powers, and did 
not accord similar rights to peoples who were not yet 
considered to have entered “the family of civilized 
nations” (Shaw 1997). 

6 La’o Hamutuk Bulletin, July 2002 at 3, quoting Australian 
Department of Industry, Science and Resources. 

7 Wilson and Campbell (1992) have highlighted the parallels 
between the means used by the Australian government to 
dispossess Australian Aboriginals and those used to 
dispossess Indonesian fishermen. 

8 U.K. and Germany v. Iceland ICJ Rep. (1974). 

9 Though Environment Australia’s recent Ashmore Region 
Draft Management Plan of May 2001 concludes that it is 
not part of a major commercial Australian "fishery” . 

10 According to the fishermen to whom I spoke in Papela. 

11 Though the historical pedigrees of such rights would need 
to be assessed on a case by case basis and the presentation 
of detailed informat ion relating to each group of fishermen 
is beyond the scope of this paper. 

12 The journey by motor perahu to the fishing grounds may 
only be a matter of days, but is in breach of the MOU, 
while traditional sail boats may take up to a week. 


13 For example, the recent spate of incidents on Java’s north 
coast of traditional fishermen burning modern fishing 
boats that have depleted their traditional fishing grounds. 

14 Often in an unnecessarily rough or even violent manner. 

15 Although in many cases they are provided with an 
interpreter only rather than defence lawyers. 

16 Which is later reimbursed by the owner of the boat or 
“Bos”. 

I 7 Confirmed by staff of Londalusi Puskesmas (Community 
Health Centre). 

18 According to some reports a share of the value of the 
captured boat is also figured to the fishermen on top of 
the debts for provisions and equipment. There is no official 
employment contract though these debts are often enforced 
by the police. 

19 The price which the fishermen are paid for a kilogram of 
shark fins was said to be S35. By the time it had reached 
its final market in Hong Kong or China it was worth five 
times this amount. 

20 Boatbuilding carries on apace in Papela as well as southern 
Sulawesi (another source of boats for Papelan crews). 

21 The boss receives two-fifths of the catch with the crew 
(usually numbering six) dividing the remainder. The boss 
then sells the entire catch to middle men at a 15% profit. 

22 Mabo v The State of Queensland (No.2) (1992) 175 CLR 1 

23 Brennan. .1. Mabo (No.2) 

24 Through the very autocratic and compromised 
representation of Haji Nuwawi, the leader of the 
fishermen’s association. 

25 “Indigenous" rights, environmental management and other 
principles, e.g.. Article 21 of the International Covenant 
on Civil and Political Rights which allows local 
communities to request ’views” from a Committee and 
includes territorial and economic rights of indigenous and 
local communities as part of the protected “cultural” right. 

26 Heard on the 17 October 1997. complaint Nos 590-597. 

27 Many Indonesian peoples such as the Bugis and Makassans 
are known to have fished waters immediately adjacent to 
the northern Australian coast for centuries. 

28 Within the MOU zone this may include the Papelans 
together with fishermen from the Rotinese port of Oelaba 
and possibly the Bajo. 

29 Based on proposals put forward by Prof. James Fox, 
mentioned in the 1996 documentary on Indonesian fishing 
in Australian waters directed by John Darling, Beneath the 
Wind. 

30 Well known examples are national park co-management 
arrangements which include marine national parks such as 
the Great Barrier Reef Marine Park. 

3 1 As has resulted from the Croker Island Sea Rights Cases. 
(A succession of cases in the Federal and High Courts, 
e.g.s Yarmirr v. The Northern Territory of Australia, 2000 
and Commonwealth of Australia v. Yarmirr 1999, that have 
been decided since 1998.) 

32 Controversial negotiations between Australia and Indonesia 
have already been concluded for oil and gas exploration 
in one area of the Timor Sea, however the agreed sea bed 
jurisdiction line mysteriously peters out just above the 
MOU zone. 

33 A case is presently before the National Commission on 
Human Rights (Komisi Nasional Hak Asasi Manusia or 
KOMNAS HAM) involving approximately 200 fishermen 
from the Makassar Strait whose rights were not taken into 
account in the granting of further concessions in that area. 
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34 Totalling over 30 000 000 Rp., (which was approximately 
AS30 000 in 1996), according to the Kecamatan Fisheries 
Office. 

35 Many fishermen are still under the impression that 
Australia’s fishing zone still only extends 12 nautical miles 
from the coast of Australia and its islands, and that they 
are entitled to fish in any other waters. 

36 For example, in 1993 the Australian Ambassador, Alan 
Taylor, came to Papela. 


37 Or rather, to recognize rights based on anything but the 
terms of the MOU. 

38 Supra fn.8. 

39 Judging by comments from the Department of the 
Environment and Heritage representatives at the seminar 
on which this volume is based. 

40 There are a multitude of foreign nationals who hold 
property rights in Australia and are, as a practice, not 
accustomed to having their rights dealt with on an optional 
basis. 
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Crossing borders: implications of the Memorandum of Understanding on fishing 
activity of Bajo (Tukang Besi Island) in northern Australian waters 
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ABSTRACT 

The 1974 Memorandum ofUnderstanding (MOU) between Australia and Indonesia was a goodwill attempt to recognise 
the long-standing interests of Indonesian fishermen in the northern Australian region. Bajo originating from the villages 
of Mola and Mantigola in the Tukang Besi Islands, South-east Sulawesi, are one group of fishermen who have an 
historic interest in the region and currently operate in and around the MOU area. This paper examines the effectiveness 
of the MOU in providing for recognition of indigenous Bajo fishing rights, sustainable marine resource conservation 
and management, and in curbing illegal Bajo fishing activity in the Australian Fishing Zone. An analysis of the key 
concept of‘traditional' fishing encapsulated in the 1974 MOU shows it to be problematic with direct and far-reaching 
consequences for Bajo fishermen. It is argued that until the problems of the MOU arc addressed, by way of new 
arrangements incorporating a more culturally informed inclusive approach with respect to traditional Indonesian fishermen, 
other Australian policy responses to address illegal activity and marine resource conservation in the AFZ will be 
undermined. 

Keywords: Bajo, fishing, traditional, fishing rights, Indonesia, Tukang Besi Islands, perahu, marine resource management. 


INTRODUCTION 

The Australian government endeavoured to recognise 
the long and continuous presence of traditional 
Indonesian fishing activity in waters off its northern 
shores through the signing of a Memorandum of 
Understanding (MOU) 1 with Indonesia in 1974. The 
MOU recognises limited fishing rights and provides a 
framework for regulating ongoing access and marine 
resource exploitation for traditional Indonesian 
fishermen in an area now under Australian jurisdiction. 
However, in the words of Fox (1998), “numerous 
problems have arisen as a result of this seemingly well- 
intended endeavour” and led to a succession of 
“unintended consequences”. 

This paper examines the implications of the key 
concept of‘traditional’ regulating access for Indonesian 
fishermen to the MOU area and the effectiveness of the 
MOU in providing for recognition of indigenous Bajo 
fishing rights, sustainable marine resource conservation 
and management, and in curbing illegal Bajo activity in 
the Australian Fishing Zone (AFZ). This paper focuses 
on Bajo fishermen originating from the villages of Mola 
and Mantigola in the Tukang Besi Islands, South-east 
Sulawesi, one group of fishermen who have an historic 
interest in the region and currently operate in and around 
the MOU area. Information on which sections of this 
paper are based was collected during ethnographic field 


research in Tukang Besi Island Bajo communities during 
1994-1995. This research was conducted as part of a 
PhD in anthropology undertaken at Charles Darwin 
University.’ 

It is argued in this paper that until the problems of 
the MOU are addressed, by way of new arrangements 
incorporating a more culturally informed inclusive 
approach with respect to traditional Indonesian 
fishermen, Australian policy responses to address access 
rights for fishermen, illegal fishing activity and marine 
resource conservation in the northern AFZ will be 
undermined. 

BAJO FISHING ACTIVITY IN 
AUSTRALIAN WATERS 

The Tukang Besi Island Bajo people belong to a 
larger ethno-linguistic group known as the “Sama-Bajau” 
who are found scattered in settlements throughout the 
Philippines, eastern Malaysia (Borneo) and Indonesia. 
Most Sama-Bajau speakers refer to themselves as Santa 
(or a'a Santa, ‘Santa people'). In Indonesia, outsiders 
generally refer to Sama speaking peoples by the exonyms 
‘Bajo' or ‘Bajau’. 

The Tukang Besi Islands comprise a chain of five 
main inhabited islands (Wanci, Kapota, Kaledupa, Tomea 
and Binongko) and a number of small uninhabited islands 
and coral reefs located in the northern part of the Flores 
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Sea in south-east Sulawesi. The Bajo settlements of Mola 
and Mantigola are built out in coastal waters varying 
distances from the shore near the islands of Wanci and 
Kaledupa islands respectively. The village of Mola is 
divided into two administrative units. North Mola (Mola 
Utara) and South Mola (Mola Selatan) with a population 
of approximately 4000 people (Stacey 1999). The hamlet 
of Mantigola has a population of around 600-700 
people. 3 

Bajo from the villages of Mola and Mantigola have, 
since the early decades of this century, engaged in seasonal 
commercial voyages in wooden sailing boats to the 
shallow waters of the north and north-west coast of 
Australia, and offshore islands and reefs in the Timor and 
Arafura Seas to fish for a variety of marine products 
including turtle shell, trepang, trochus. reef fish and shark 
fin. An approximate date of between 1908 and 1924 can 
be assigned to the beginning of this activity. Since then, 
Bajo have continued to voyage periodically to fishing 
grounds in the north Australian region (Stacey 1999). 

A series of maritime expansions by Australia since 
the 1960s has resulted in increasing loss of access to 
fishing grounds for Bajo and other Indonesian fishermen. 
The expansion of the AFZ from 3 to 12 nautical miles 
(nm) in 1968 meant that fishermen lost access to fishing 


grounds within 12 nm of the Australian coast. Under the 
1974 Memorandum of Understanding between Australia 
and Indonesia, fishing was permitted only within 12 nm 
of specified offshore islands and reefs claimed by 
Australia in the Timor Sea. In 1979, with the expansion 
of the AFZ to 200 nm, Indonesian fishermen lost access 
to fishing grounds stretching in a wide arc along the 
shallow waters of the continental shelf. The banning of 
fishing at Ashmore Reef in 1988 and the 1989 
amendments to the 1974 Memorandum of Understanding 
which confined “traditional fishing” to a box area, 
resulted in further loss of access to fishing grounds (see 
Fig. 1). As a result of Australian maritime expansion and 
MOU policy responses to Indonesian fishing activity, as 
well as a convergence of other interrelated social and 
economic events and forces, Bajo fishing methods and 
voyaging patterns altered significantly from the late 
1980s (Stacey 1999). 

Currently most Bajo fishing activity in the region is 
for sharks caught using long line gear from wooden sail 
powered boats called perahu lambo. Voyages last for 
around two to four weeks. Most boats from Mola and 
Mantigola are family owned and the majority of perahu 
owners join their boats as the captain, but sometimes as 
crew members. Boat crews can comprise between four 
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Fig. 1 . Maritime arrangements between Australia and Indonesia in the Timor and Arafura Seas. 
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and ten people depending on the size of the boat and are 
usually relatives of the captain and/or owner of the 
perahu. 

Bajo fishing and sailing activity is governed by adat 
or customary practices encompassing a range of social 
norms, rules and behaviours based on Bajo religious 
beliefs. A number of rituals are conducted for boats, 
sailing and fishing activity, including those to ensure a 
safe and prosperous voyage, as well as various ritual 
acts carried out during actual fishing activity. Voyages 
are financed predominantly through credit arrangements 
from money lenders, family members and/or traders. A 
number of different types of share systems are used to 
divide up the earnings from fishing voyages. The shark 
fin is sold mostly to traders in the village of Papela, Roti 
Island, which acts as a staging post for boats from the 
Tukang Besi Islands. 

Fishermen are regularly apprehended for fishing 
outside the permitted areas by Australian authorities. 
Taken to Darwin and Broome for processing, fishermen 
are charged with illegal fishing under the Australian 
Fisheries Management Act 1991 . In nearly all cases, 
fishermen are found guilty and punished through boat, 
catch and gear forfeiture. Fishermen are repatriated to 
Indonesia while their boats are destroyed by burning. 
This dramatic, and as Stacey (1999) has shown, largely 
ineffective, policy of deterrence has failed to curb 
ongoing illegal Bajo activity in the AFZ. This, in part, is 
related to the regulations of the MOU and conditions 
governing access for fishermen in Australian waters. 

The implications of ‘traditional’ and the 
effectiveness of the MOU. The Australian government’s 
first official attempt to regulate Indonesian activity in 
the north Australian region occurred in 1968 when a 
decision was made to permit Indonesian fishing to 
continue traditional activities within the 12 nm territorial 
sea adjacent to Ashmore and Cartier Islands, 
Seringapatam Reef, Scott Reef, Browse Island, and 
Adele Island, provided operations “were confined to a 
subsistence level" (DFAT 1988). This decision to allow 
“subsistence” fishing to continue was influenced by 
official perspectives of Indonesian fishing activity in the 
north Australian region at the time, that prior to the 
1970s, Indonesians were engaged in subsistence fishing 
(Campbell and Wilson 1993; Stacey 1999). 

This arrangement led to the signing of the 1974 MOU 
which allowed some Indonesian fishing activity to 
continue to operate in designated areas under certain 
regulations. In the 1974 MOU, no direct reference was 
made to the mode of production. Instead, “Indonesian 
traditional fishermen” were defined as “fishermen who 
have traditionally taken fish and sedentary organisms in 
Australian waters by methods which have been the 
tradition over decades of time” (1974 MOU). 

Then, under amendments to the original MOU in 
1989, the original definition allowing access for 
fishermen in Australian waters was qualified with further 


reference to the type of vessel and fishing technology 
permitted. Under the 1989 amendments, access to the 
MOU box area is limited to: 

“Indonesian traditional fishermen using 
traditional methods and traditional vessels 
consistent with the tradition over decades of time, 
which does not include fishing methods or 
vessels utilising motors or engines.” (Practical 
Guidelines for Implementing the 1974 MOU, 
1989). 

Traditional fishing is defined by the methods and 
vessels which have been used “traditionally”- that is 
“over decades of time”, the minimum period being two 
decades, qualified by the exclusion of “modern” methods 
and vessels. The direct reference to fishermen with a 
history of Indonesian activity in the AFZ is dropped, but 
it is actually implied by inference that fishermen have 
been fishing “over decades”. It is not clear whether 
“decades of time” is meant to apply to the two decades 
preceding 1974 when the original MOU was signed or 
two decades proceeding the signing of the 1989 
amendments. Implicit in the MOU, is the notion of 
traditional societies operating in a static and unchanging 
fashion over a long period of time. Following on from 
this, traditional rights of access are determined by 
continuing use of “traditional” - that is, unchanging 
technology. 

The notion of‘traditional’ in the 1974 MOU reflects 
essential elements of a popular, prevailing, everyday 
view of indigenous tradition in Australia and elsewhere 
as ancient and unchanging (Flandler and Linnekin 1984; 
Merlan 1991; Hovelsrud-Broda 1997; Ewins 1998; 
Ritchie 1999). An everyday definition of tradition is 
“those beliefs and practices that have been handed down 
from generation to generation” (Ewins 1998). This view 
presumes that “an unchanging core of ideas and customs 
is always handed down from the past” (Handler and 
Linnekin 1984); in the case of the MOU “over decades 
of time”. A connected prevailing view of this notion of 
“traditionalism” (Merlan 1998) is that changes in 
tradition, such as the adoption of new methods as a result 
of adaptation to changing circumstances, are considered 
to be “inauthentic” or “modern” and therefore not 
“traditional”. Until recently challenged, these everyday 
views of tradition in the anthropological and historical 
literature, were widespread. They remain dominant in 
popular discourse and in the media. 

These interpretations of “traditional” are formed and 
informed by now discredited Western assumptions and 
dichotomies stemming from 19th and 20th century social 
theories of cultural evolution. Nineteenth century 
evolutionary schemes saw a series of stages of social and 
cultural progress along which all societies advanced from 
“primitive” to “civilised”, or from “traditional” to 
“modern”. Terms such as “primitive” or “savage” refer to 
less technologically developed societies, characterised by 
subsistence economies and simple technology considered 
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to be “out of time” (Fabian 1983) or non-contemporary, 
with western civilisation. More technologically advanced, 
capitalist or “modern” societies are characterised by 
commercially based economies. A direct effect of such 
notions is a corresponding practice of dichotomising 
‘traditional’ against other terms. Since "modern” often 
means “commercial”, “traditional” is equated with 
“subsistence” (Campbell and Wilson 1993). 

Thus traditional (subsistence) is presented as an 
inversion of commercial (modern). Furthermore, because 
“traditional” implies “primitivism” it also “underpins the 
belief that ‘traditional' is, and should continue to be, 
associated with primitive technology” (Campbell and 
Wilson 1993). Campbell and Wilson (1993) argued that 
these cycles of associations led to the “myths of 
subsistence and commercialisation, the belief that 
Indonesian fishermen were subsistence fishermen who, 
in the 1970s, were transformed into commercial 
fishermen”. 

While such notions and dichotomies are now' rejected 
in social theory, and have been reconsidered in 
anthropological and historical literature, they still remain 
powerful, and continue to inform the operation of the 
MOU and regulate Indonesian activity under the 
agreement. As a consequence, the regulations in the 1974 
MOU effectively lock Indonesians and their material 
culture of fishing into a time-bound past, resulting in a 
technological freeze (Campbell and Wilson 1993). 
Fishermen are denied cultural dynamism and the broader 
processes of influence in which they exist (Marcus and 
Fischer 1986). 

Furthermore, the MOU does not specifically identify 
who is allowed access into the MOU area. Access is 
determined not by historically recognised use rights for 
specific groups who operated in the region prior to 
Australian maritime expansion, but by the technology 
used: any Indonesian “traditional” fisherman using a 
sail powered boat (or “traditional” methods and vessels) 
is allowed to fish in the region. In not identifying the 
specific groups who historically accessed the AFZ, the 
effectiveness and original intention of the MOU has 
been undermined, and its outcomes severely attenuated. 

Another consequence of the MOU regulations 
restricting access by use of “traditional" technology is 
the resultant over-exploitation of marine resources in 
the MOU area. One intention behind excluding the use 
of motorised vessels and methods by Indonesian 
fishermen in the face of increasing motorisation in the 
small-scale perahit sector in Indonesia in the 1970s was 
to limit the number of boats entering the MOU area. 
This in turn would control the level of resource 
exploitation and act as a form of resource management. 
The technology was unsophisticated or “primitive” 
enough to offer some protection for marine resources. 
But this technological freeze failed to achieve the 
desired outcome. By not restricting the numbers of 


vessels or the amount of product taken, it has opened 
the area up to an unlimited number of fishermen in sail- 
powered vessels, of which there is no shortage in 
Indonesia, and resulted in over-exploitation of resources 
in the MOU box area, particularly sedentary species at 
reefs and islands. 4 

Technological restrictions on motor power has led 
to other consequences for Bajo fishermen. By not 
permitting the use of motorised vessels (which can also 
assist fishermen in times of bad weather and cyclones), 
fishermen must rely on sail power for propulsion. Sail 
power offers minor assistance in times of little or no 
wind, or strong currents, in keeping boats within the 
MOU borders. In such conditions when it is impossible 
to make any headway, it is possible to unintentionally 
drift outside the allowed areas. Engaging in fishing 
activity outside the MOU area can, if caught, result in 
apprehension. 

Apart from a few areas around reefs and islands and 
along the edges of the MOU borders, the box is a 
relatively poor shark fishing ground (Wallner and 
McLoughlin 1995a). According to the Bajo, the best 
traditional shark fishing grounds are located outside the 
MOU box. Fishermen are forced to fish illegally outside 
the box area in an attempt to obtain an adequate catch 
in order to settle debts and secure adequate returns. 
Therefore, illegal fishing and consequent boat 
apprehensions occur in direct response to the 
ineffectiveness of the MOU to incorporate appropriate 
historic fishing grounds. 5 

The borders of the MOU box area are not marked or 
sign posted. They only exist as lines on maps, 
unconnected to any geographical features. Bajo 
navigation is based on reference to familiar landmarks, 
prevailing wind directions, stars and sea features. Their 
sailing and fishing activities have, until recently, never 
been confined to areas bounded by lines on maps. Even 
for the most experienced navigators it is difficult to 
determine exactly where the boundaries of the MOU 
box are. The MOU restricts access to fishermen using 
“traditional methods”, but expects high-tech accuracy. 
They are required to know border latitude and longitude 
coordinates to determine the location of the MOU 
boundaries that can only be accurately located using 
marine charts and sophisticated navigational equipment 
such as a Global Positioning System (GPS). Fishermen 
are required to know where modern borders lie but are 
denied the use of motors and sophisticated equipment 
under the MOU. However, once they cross the border, 
“modern” legislation applies; they are treated in the 
same fashion as any other illegal foreign fishing vessel 
and charged under the same sections of the Australian 
Fisheries Management Act 1991. Restricting fishermen 
to such conditions is not only inappropriate to the 
technology allowed to be used, but contributes to 
fishermen being outside the permitted areas. 
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NEW APPROACHES TO MANAGING A 
TRADITIONAL INDONESIAN FISHERY IN THE AFZ 

The MOU is a simple document designed to deal with 
a complicated situation. Despite its failings, it does 
recognise limited fishing rights. However, an open access 
fishery system, which determines entry by technology 
rather than specific user rights, and is informed by a 
defunct interpretation of “traditional", confines 
fishermen to inappropriate fishing grounds, and applies 
European Cartesian notions of borders to restrict an 
activity based on completely different notions of borders, 
is unable to achieve sustainable resource management 
of the area, fair and equitable allocation of resources, or 
prevent illegal activity in the AFZ. 

A new agreement in line with the “spirit of 
cooperation and good neighbourliness” of the original 
1974 MOU should be negotiated. A number of new 
approaches and regulations have been suggested (Russell 
and Vail 1988:139-142; Reid 1992:8; Campbell and 
Wilson 1993:186; JSCFDAT 1993:132-133; Wallner and 
McLoughlin 1995a:34, 1995b: 121; Fox 1992, 1996:174, 
1998:130; Stacey 1999). 

Australia and Indonesia should move to: 1) abandon 
the current definition of traditional fishing that defines 
access based on the technology used and assumes 
traditions cannot change; 2) identify specific groups of 
fishermen who have historically fished in the AFZ and 
provide appropriate rights of access for them; 3) 
introduce some form of management intervention in 
order to limit the number of vessels fishing to regulate 
access and to avoid over-exploitation of stocks; and 4) 
provide access to an area that better fits with cultural 
practices, previous fishing grounds of Indonesian 
fishermen and resource availability. 

Recent research has identified the Bajo as one group 
of Indonesian fishermen who historically fished in the 
AFZ prior to Australian maritime expansion and continue 
to do so (Stacey 1999). A detailed analysis of the other 
groups operating in the MOU needs to be undertaken. 
Like the Bajo, the various groups of fishermen from the 
villages of Papela and Oelaba, as well as Madurese, who 
have operated in the AFZ for decades, also have 
legitimate claims for ongoing access to the AFZ. 

The MOU requires renegotiation consistent with an 
approach based on contemporary circumstances and 
fishery management principles and practices, not those 
of 25 years ago. Future strategies need to excise out¬ 
dated assumptions and come into line with national and 
international standards. Contemporary approaches to 
fisheries management around the world are moving 
away from biological management, scientific modelling 
and centralised government responses. They are moving 
to partnerships between people, decentralisation, co¬ 
management between government and local 
communities, including local peoples participation in 
decision-making. It is now clear that fisheries 


management will not succeed without involvement of 
the fishermen themselves (Pomeroy 1994; White et al. 
1994; Hviding and Baines 1996; Mace 1997). More 
specifically, fishermen must have a recognised “stake" 
in resource management in the form of rights in order 
to provide incentives for resource protection (Bailey 
and Zerner 1992; White et al. 1994). Management also 
needs to take into account the social, cultural, and 
economic dimensions of resource use and exploitation 
(White et al. 1994). Given the applicability of these 
approaches, it is high time the Australian government 
addressed the “unintended consequences” of the MOU. 

CONCLUSION 

The 1974 MOU arrangement has failed to 
adequately and fairly address the issues of marine 
resource management, and recognition of fishing rights 
for groups who operated in the region prior to 
Australian maritime expansion. Furthermore, rather 
than halting illegal fishing activity, the MOU 
regulations contribute to ongoing illegal incursions in 
the AFZ by Indonesian fishermen. 

While the Australian government continues to 
support the implementation of an outdated, ineffective 
and inappropriate agreement in its current form, marine 
resource conservation and management will be 
undermined, illegal border crossings will continue, and 
the rights of Indonesian fishermen to pursue their 
livelihood will be ignored. A more inclusive culturally 
informed approach should be taken to devise new 
agreements for specific groups with an historic interest 
in the area prior to Australian maritime expansion. 

The challenge for Australian and Indonesian policy 
makers is to implement a flexible arrangement that 
incorporates the cultural dynamics of a traditional 
Indonesian fishery while at the same time maintaining 
legal, territorial, commercial and environmental 
principles and objectives of the nation state. 
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FOOTNOTES 

1 The full title is ‘Memorandum of Understanding between the 
Governments of Australia and the Government of the Republic 
of Indonesia regarding the Operations of Indonesian 
Traditional Fishermen in Areas of the Australian Exclusive 
Fishing Zone and Continental Shelf’. 

2 A detailed account of the social, cultural, economic and 
historic conditions which underpin Bajo fishing voyages in 
the AFZ and issues concerning Australian maritime expansion 
and government policies, treatment and understanding of Bajo 
activity can be found in Stacey (1999). 

3 Three other Bajo settlements are located in the Tukang Besi 
Islands: Sampela and La Hoa at Kaledupa Island and the 
hamlet of La Manggau on Tolandono Island (near Tomea 
Island). Although it is predominantly fleets of boats from Mola 
and Mantigola that engage in voyages to the northern 
Australian region, some Mola and Mantigola crews include 
men from these other settlements. 

4 Further pressures on existing limited resources at other reefs 
in the MOU area have also occurred as a result of the banning 
of fishing by Indonesian fishermen at Ashmore Reef National 
Nature Reserve (ARNNR) within the MOU area from 1988 
onwards. 

5 The declaration of Cartier Island as a Marine Reserve in 2000 
and a proposed ban on fishing within the Reserve, as in the 
case at ARNNR, will result in further over-exploitation of 
resources on other reefs in the region. This too will contribute 
in forcing fishermen to fish illegally outside the MOU box area. 
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ABSTRACT 

Indonesian fishers have been harvesting marine resources along the northern coast of Australia for at least three 
centuries. Indonesian fishermen continue to be very active in the region. Over the past two decades Indonesian 
fishing pressure in the region has increased significantly. Recent scientific studies indicate that unsustainable and 
illegal fishing practices arc threatening marine biodiversity and population density. The unchecked harvesting impacts 
negatively on traditional Indonesian fishing livelihoods. Indonesian and Australian authorities agree that the 
overexploitation of the marine resources in the MOU74 Box is a problem which will only be resolved through a 
cooperative approach. Resolution of the problem must take into account socio-economic needs of Indonesian fishers, 
implementation of a sustainable traditional Indonesian fishery in the MOU74 Box and the development of alternative 
livelihoods such as aquaculture for traditional Indonesian fishers. 

Keywords: Ashmore Reef National Nature Reserve, Cartier Island Marine Reserve, MOU74 Box, traditional Indonesian 
fishing, management plan. Environment Protection and Biodiversity Conservation Act (1999). 


INTRODUCTION 

Scientific surveys within the MOU74 Box area 
indicate heavy depletion of species targeted by 
Indonesian fishers who access this area. The long-term 
protection of Ashmore Reef National Nature Reserve 
and Cartier Island Marine Reserve is dependent on a 
regional management regime based on sustainable 
fishing practices. Through Australian and Indonesian 
Government cooperation, a number of initiatives are 
being pursued to protect the biodiversity of the area 
and the traditional Indonesian fishery. 

POLICY BACKGROUND 

Australia is responsible for managing oceans that are 
equivalent to twice the area of its landmass. Like 
Indonesia, Australia has a significant maritime 
responsibility. 

The Australian Government is committed to 
ensuring sensitive environmental care and protection 
of our marine biodiversity through the application of 
the United Nations Convention on the Law of the Sea, 
the Convention of Biological Diversity and a number 
of national policies, including Australia's Oceans Policy 
(Commonwealth of Australia 1998). 

The National Representative System of Marine 
Protected Areas (NRSMPA) is a key part of Australia’s 


Oceans policy. The primary goal of the NRSMPA is to 
establish and manage a comprehensive, adequate and 
representative system of Marine Protected Areas 
(MPAs) in Australia’s marine area (ANZECC 1999). 

While MPAs must be established in the context of 
other marine management tools, the development of a 
representative system of MPAs is widely regarded both 
nationally and internationally as one of the most 
effective mechanisms for protecting marine 
biodiversity. It is within this context that Ashmore Reef 
National Nature Reserve is managed and Cartier Island 
Marine Reserve was recently declared. 

The momentum and support generated by the 
scientific community toward MPAs is worth noting. 
The recognition of the declining state of the oceans 
and the collapse of many fisheries led the American 
Association for the Advancement of Science to state 
recently: 

“There is compelling scientific evidence that fully 
protected marine reserves conserve both biodiversity and 
fisheries, and could help to replenish areas of the ocean.” 
(National Centre for Ecological Analysis and Synthesis 
2001 ). 

The Department of the Environment and Heritage 
(DEH) now manages 12 MPAs in Commonwealth 
waters. Commonwealth waters stretch from the external 
boundaries of the Australian Exclusive Economic Zone 
to three nautical miles from the coast. The State and 
Territory Governments manage the inshore areas. 
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ASHMORE REEF NATIONAL NATURE RESERVE 

AND CARTIER ISLAND MARINE RESERVE 

The reserves are approximately 450 nautical miles 
west of Darwin, 330 nautical miles north of Broome 
and 60 nautical miles south of the Indonesian island of 
Roti in the eastern Indian Ocean. 

The natural values of Cartier and Ashmore reserves 
are abundant: 

• The reserves exhibit high biological diversity. 

• The reserves protect a range of habitats including 
seagrass meadows, sand flats, reef flats and island 
habitats. 

• The reserves provide a critical stepping stone for 
biological material being transported by the 
Indonesian Through Flow current from the rich 
reefs of Philippines and Indonesia to reefs along 
the West Australian coast and Indian Ocean. 

• The reserves provide important habitat for rare 
and threatened species such as dugong and turtle. 

• The reserves support a high population of 
seabirds, many of which are migratory. 

• The reserves also provide an important staging 
point for many migratory wading birds. 

Cartier and Ashmore reserves face various pressures: 

• The major pressure appears to be from over¬ 
fishing in the area and illegal fishing in the 
reserves by traditional Indonesian fishers. 

• Global warming is a significant threat to the 
health of coral reefs. 

• Illegal immigration vessels continue to arrive at 
Ashmore Reef. Problems such as pollution, 
trampling of islands and disturbance of wildlife 
are major concerns. 

• Approximately 100 yachts and 200 Indonesian 
fishing vessels per year pass through Ashmore - 
one of the risks they pose is the introduction of 
marine pests. 

The reserves are in an area known as the MOU74 
Box. This Memorandum of Understanding (MOU) is an 
agreement negotiated by the Australian and Indonesian 
governments in 1974 and reviewed in 1989 which allows 
traditional Indonesian fishers to continue fishing in 
waters of the MOU74 Box subject to certain constraints. 
Ashmore Reef National Nature Reserve has been closed 
to traditional Indonesian fishing for over 10 years. 

It is believed that Indonesian fishers have fished the 
area for three centuries. Descendants of these maritime 
people, particularly from Roti, Madura and Sulawesi 
continue to visit the area today for the same purpose as 
their predecessors. 

In recent years there has been a substantial increase in 
fishing effort by traditional Indonesian fishers, and 
according to scientific advice, levels of the targeted species 
of trocus, trepang and shark have declined rapidly. 


The research from organisations such as 
Commonwealth Scientific and Industrial Research 
Organisation (Skewes et al. 1999) and Australian 
Institute of Marine Sciences (Smith et al. 2001) 
indicates that the current level of fishing for these 
species is unsustainable. This situation is clearly a 
matter of serious concern for the Indonesian fishermen 
who are dependent on the marine resources of the area. 
From DEH’s perspective, such levels of depletion 
constitute the major threat to the long term biodiversity 
of the Ashmore and Cartier reserves. 

Indonesian fishers whose livelihoods are dependent 
on the resources of the area, those with interests, 
knowledge and association with the area, and those 
responsible for the area’s management and protection 
consequently have a shared problem. 

MANAGEMENT PLANS FOR ASHMORE REEF 
NATIONAL NATURE RESERVE AND CARTIER 
ISLAND MARINE RESERVE 

The key method used to balance the pressures faced 
by the reserves and the protection of their natural 
values is through our management planning process. 

This is a statutory process. All the steps, including 
consultation, are well defined in the Environment 
Protection and Biodiversity Conservation Act (1999). 
The management plan ultimately goes before both 
houses of the Commonwealth Parliament for approval. 
The plan becomes the defining document for 
management of the MPA for a period of seven years. 
The planning process places importance on meaningful 
consultation. 

The first management plan for Ashmore Reef 
National Nature Reserve came into operation in 1989 
(ANPWS 1989). Draft management plans for Ashmore 
and Cartier reserves are currently in preparation. 

Given the history of Indonesian traditional fishers 
in the area, Indonesia is obviously a major stakeholder 
to work with cooperatively to address the issues in the 
reserves. The draft management plans recognise the 
need to fully involve Indonesian stakeholders in 
developing management arrangements that protect both 
the biodiversity of the reserves and take account of 
Indonesian interests. With a number of meetings 
already conducted in good spirit, a partnership 
arrangement toward resolving issues in the area is 
developing. 

The management plans are open for public comment 
for three months. Indonesian views on strategies in 
relation to traditional Indonesian fishing will be 
encouraged and facilitated. Following the public 
comment stage a report is made to the Minister for 
Environment and Heritage including all submissions. 
Once approved by the Minister the management plan 
is tabled in Parliament for final approval. 
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The Environment Protection and Biodiversity 
Conservation Act (1999) requires each MF’A to be 
assigned an IUCN category. These categories, which have 
been developed by the World Conservation Union 
(IUCN), range from Category la Strict Nature Reserves 
with the highest level of protection to Category 6, 
Managed Resource Areas, where some extractive 
resource use may be allowed. The draft management 
plans for Ashmore and Cartier apply the IUCN la Strict 
Nature Reserve category to both reserves in recognition 
of their very high conservation value and need for a high 
level of protection. A small part of Ashmore is zoned 
IUCN Category 2, National Park, in recognition of the 
higher level of human activity and use in this area. 

In order to ensure the long-term protection of the 
Ashmore and Cartier reserves the draft management 
plan encourages consideration of management of the 
wider region and recognises the need to fully involve 
Indonesian stakeholders in the issues associated with 
traditional Indonesian fishing. 

DEH is working with a variety of stakeholders to 
ensure that management of the region is integrated and 
promotes sustainable use of harvested resources. The 
involvement of Indonesian stakeholders is a critical part 
of developing an integrated management approach. It is 
clear that the main threat to the biodiversity of the area 
is overfishing by traditional Indonesian fishers and this 
is an issue that must be dealt with as a matter of priority. 

INITIATIVES TO IMPROVE PROTECTION FOR 

ASHMORE AND CARTIER RESERVES AND 
ADDRESS TRADITIONAL INDONESIAN FISHING 
ISSUES 

Solutions are difficult and not necessarily short term, 
however, in consultation with various Indonesian and 
Australian officials, a three stage approach to the issue 
is proposed: 

1. To address the problems of overfishing we must 
fully understand the cultural, social and economic 
context of traditional Indonesian fishers coming 
into the area, a socio-economic study is proposed; 

2. In order to reduce fishing pressure in the MOU74 
Box and allow the resources of the area to 
recover, alternative livelihoods for affected 
traditional Indonesian fishers must be developed; 
and 

3. The current management arrangements for the 
traditional fishery in the MOU74 Box must be 
reviewed to support the protection of the reserves 
and the biodiversity of the area. A marine resource 
management system is required to facilitate a 
managed and sustainable fishery. 


CONCLUSIONS 

Ashmore and Cartier reserves cannot be managed 
successfully in isolation, as they are a small although 
critical pail of a much larger marine environment with 
a variety of responsible players, interests and natural 
marine linkages. 

The protection of the reserves will depend on 
developing cooperative and supportive relationships, not 
only with various Australian agencies and organisations 
but also with the range of regional Indonesian 
stakeholders with an interest in the area. 

With a proactive and collaborative approach from 
the Indonesian Ministry of Marine Affairs and Fisheries 
and Australian Government agencies the opportunities 
for achieving common goals in the Ashmore region are 
positive. 

Successful management that benefits those with 
interests in the area will be achieved through responsive 
and innovative approaches flowing from these 
relationships. 
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ABSTRACT 

Ashmore Reef National Nature Reserve was proclaimed in 1983. Since that time there has been an active management 
regime at the Reef and there have been a number of notable achievements. The once common slaughter of species now 
rare or threatened including sea birds and migratory birds, turtles, dugong and dolphin has been stopped or is at least 
now very uncommon at Ashmore Reef. Stocks of species targeted by traditional Indonesian fishers in the region 
including trochus, trepang and shark have been found to be in significantly better condition at Ashmore than at other 
reefs in the region. Additionally there has been an active research program for the area and strong support from 
researchers. 

The nearby Cartier Island Marine Reserve was proclaimed in 2000. Draft Management Plans have been prepared for 
both the Cartier Island and Ashmore Reef (Commonwealth of Australia 2001). These Plans provide for the high level 
of protection at Ashmore Reef to be continued and for this high level of protection to also be afforded to Cartier Island. 
Access to West Island lagoon and part of West Island at Ashmore Reef will be continued in order to meet Australia’s 
commitment to traditional Indonesian fishers under the 1974 Memorandum of Understanding (MOU) with Indonesia. 

While there is reason to be optimistic about the accomplishments and future management directions for these areas, 
it is important to be aware that there continue to be significant threats to the environmental values of the area and that 
a long term commitment to the management of the area is critical. 

Keywords: Ashmore Reef National Nature Reserve, Cartier Island Marine Reserve, MOU74 Box, traditional Indonesian 
fishing, overfishing, illegal fishing, National Representative System of Marine Protected Areas, management plan. Environment 
Protection and Biodiversity Conservation Act (1999). 


INTRODUCTION 

Ashmore Reef and Cartier Island have been identified 
as areas of particularly high conservation value. These 
reserves protect a range of rare and threatened species 
including a population of dugong, three species of marine 
turtles, an estimated 40 000 sea snakes in 17 species 
and many bird species listed under international 
agreements. The reefs are considered important stepping 
stones for the transport of biological material in the 
ocean currents flowing from the rich reefs of the Indo- 
Pacific to reef systems located along the Western 
Australian coast (Simpson 1991). Additionally these 
reserves protect a proportion of the biologically rich 
Oceanic Shoals Bioregion within the National 
Representative System of Marine Protected Areas. 

The major pressures appear to be the result of illegal 
fishing within the reserves and overfishing within the 
region as a whole. The recent acceleration of illegal 


immigration is now also a significant environmental 
concern. 

Ashmore Reef National Nature Reserve was 
declared in August 1983 and the nearby Cartier Island 
Marine Reserve was declared in May 2000. Since 
declaration of the Ashmore Reserve there has been 
considerable effort in managing the reserve and this 
has resulted in some significant outcomes. This paper 
examines management to date and the degree to which 
this approach has been successful, and outlines future 
directions. 

HISTORY 

Indonesian fishers are believed to have visited 
Ashmore Reef for perhaps 300 years (Campbell and 
Wilson 1993). During these visits they have targeted 
trochus, trepang and sharks for trading on the Asian 
markets. They have also harvested reef fish, birds. 
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dugong, turtles, giant clams and other molluscs. The 
fishing effort and level of catch during these centuries 
are largely unknown but probably varied over time. The 
presence of healthy populations of targeted species until 
recent years at reefs throughout the north-west of 
Australia would suggest that fishing effort was probably 
significantly lower in the past than that experienced 
over the last 20 years. 

Significant impacts have also resulted from European 
activities in the region. Guano mining during the 19th 
century saw the surface of West Island removed. It is 
thought that West Island was previously the main island 
for breeding birds but that when mining operations 
commenced the various bird populations were displaced 
and now primarily use Middle and East Islands for 
breeding (P. Clark, pers comm.). During World War II 
the Department of Defence commenced using Cartier 
Island as a Defence Practice Area. Although this area is 
still gazetted for this purpose, the Department of Defence 
has indicated that the last records they have of it being 
used for bombing practice date back to the 1960s. While 
there has been no recent bombardment practice there 
are real concerns for safety. A patrol by staff from the 
Department of the Environment and Heritage (DEH) to 
Cartier Island in 2000 observed what was thought to be 
an intact bomb (K. Glenn, pers. comm.). Following 
implementation of the new management plan, it is 
expected that Cartier Island will be de-gazetted as a 
Defence Practice Area. A weather station was 
established on West Island in 1962 and abandoned in 
1973. At the time of declaration of the reserve it was 
found that rats had already become established and these 
were eradicated during the late 1980s. 

A Memorandum of Understanding (MOU) was 
developed between Indonesia and Australia in 1974 to 
allow continued access by traditional Indonesian fishers 
to Australian waters. This MOU was revised in 1989 to 
include some practical guidelines for implementation. 
The guidelines provide a geographic boundary for 
Indonesian fishing activities, called the MOU74 Box, 
and restricted equipment and vessels to traditional, non 
motorised options. 

MANAGEMENT 

From the time of its declaration in 1983, Ashmore 
Reef National Nature Reserve was patrolled by DEH 
staff in Navy Patrol Boats approximately three times 
per year. The primary management focus was to protect 
the islands and the rare and threatened species. There 
was no control of fishing on the Reef. DEH files 
document and provide photographic evidence of 
Indonesians taking significant quantities of sea turtle, 
sea turtle eggs, birds and bird eggs, dolphins and clams. 
Some photographs show canoes loaded with turtle eggs 
and live frigate birds. Others show large volumes of 
processed meat from terns. 


In 1985 a vessel was contracted by the Australian 
government to patrol Ashmore Reef for approximately 
nine months of the year (April to December). The vessel 
returned to Darwin for three months over the cyclone 
season. This charter arrangement remained in place 
until December 1999. This marked the commencement 
of more active and effective management of the 
reserve. The illegal taking of rare and threatened species 
was all but eliminated. 

The first management plan for Ashmore Reef came 
into effect in 1990 and focussed on the protection of 
the area’s important marine life (Australian National 
Parks and Wildlife Service 1989). This plan saw the 
introduction of a prohibition on traditional Indonesian 
fishing but allowed for continued access to Indonesian 
fishers to West Island Lagoon and part of West Island 
for shelter and drinking water. 

The fishing controls proved effective in significantly 
reducing illegal Indonesian fishing effort in the area 
between the months of April and December. However, 
it appears that a small number of fishers were prepared 
to accept the risks of sailing during the cyclone season 
in order to harvest the unprotected reef. Despite this 
illegal fishing the total fishing effort at this reef was 
significantly lower than at other reefs in the region. 

In 1999 there were a number of changes. During 
February, a Coastwatch aircraft photographed an 
Indonesian vessel using explosives at Ashmore in order 
to catch fish for baiting a shark long-line. An outbreak 
of black striped mussel (Mytilopsis sallei) in Darwin in 
April saw the Ashmore on-site management team held 
in Darwin until May awaiting treatment of the 
management vessel for possible infestation. During April 
- typically a month of ideal weather - there were regular 
reports from Coastwatch flights of illegal fishing at 
Ashmore Reef. In 1999 there was a significant increase 
in illegal immigration to Australia, with Ashmore Reef 
being a major destination. This resulted in a diversion 
of resources from the control of illegal fishing to the 
control of illegal immigrants. 

A government decision was made in 2000 to replace 
the DEH contract vessel with a Customs vessel and crew 
who would provide a whole of government service at 
Ashmore Reef. This decision saw a number of 
significant improvements including an increase in the 
numbers of on-site staff to undertake management 
actions. The fully uniformed staff and high speed pursuit 
vessels proved to be a stronger deterrent to potential 
illegal fishers. Additionally the new arrangements 
provided a presence throughout the entire year. 

Despite the improvements outlined above, some 
illegal fishing continues and fishers are often found in 
restricted areas of the Reserve. Studies of trochus and 
trepang (Skewes et at. 1999; Smith et al. 2001) show 
these species to be depleted in the region overall. 
However, Ashmore Reef was found to be in significantly 
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better condition than other reefs in the region. 
Management of these activities has therefore been 
relatively successful but there is still a need to provide 
an active compliance and enforcement effort at 
Ashmore Reef. 

The Department of the Environment and Heritage 
is continuing to work closely with Customs and other 
government agencies to provide a whole-of-government 
approach to the management of this remote region. DEH 
provides training for Customs officers and has 
developed guidelines for undertaking environmental 
management tasks including ongoing monitoring and 
research. Customs have been highly effective in 
minimising environmental impacts associated with 
managing illegal immigrants. 

RESEARCH 

A research program has been developed for Ashmore 
Reef and Cartier Island. A major part of this program 
is the monitoring of biological indicators such as coral 
reef health and the abundance of trochus and various 
species oftrepang. This provides the basis for assessing 
the management performance of the reserves. The 
primary threats have been identified as illegal fishing, 
illegal immigration and a reduction in water quality from 
various human impacts. Other research has focussed 
on rare and threatened species and on broader aspects 
of the environment. 

The first survey of species targeted by Indonesian 
fishers was undertaken in 1988 (Russell and Vail 1988). 
In 1998 DEH jointly funded a study of the MOU Box 
by the CSIRO on the status of stocks of species targeted 
by Indonesian fishers (Skewes etal. 1999). This study 
confirmed concerns of serious over-harvesting in the 
region with a significant decline in some species 
apparent since the 1988 study. It did however identify 
that Ashmore Reef, while depleted of targeted species, 
was in significantly better condition than other reefs in 
the region. Cartier Island was found to be severely 
depleted of trochus and commercial species of trepang. 

In 1995 an annual research program was introduced 
using the on-site management vessel as a field base. 
This program offered researchers the opportunity to 
undertake research at this remote and interesting 
location at minimal cost while at the same time 
contributing significantly to the knowledge of the 
reserve. Major studies were completed on rare and 
threatened species, particularly research on dugong, sea 
snakes and marine turtles (Whiting et al. 1999). The 
marine turtle study in particular is the most 
comprehensive turtle research in the Indian Ocean. 
Other studies were completed on foraminiferans, 
sedimentology, molluscs, cultural values and corals 
(Willan 1995; Clark 2000; O’Brien et al. 2002). Major 
expeditions by the Museum and Art Gallery of the 


Northern Territory and the Western Australian Museum 
were held in the early 1990s and significantly 
contributed to the knowledge of the biodiversity and 
heritage resources (Berry 1993; Russell and Hanley 
1993). 

In 2000 the Australian Institute of Marine Science 
with the support of the Australian Customs Service 
established a program for assessing stocks of targeted 
species, including permanent monitoring plots at 
Ashmore Reef. This study provided further evidence 
of the decline in targeted species (Smith et al. 2001). It 
is planned to establish a similar program for Cartier 
Island during 2001 in order to provide baseline 
information prior to the implementation of the new 
management regime. 

A water quality monitoring program was established 
by DEH during 2000 and now utilises Customs officers 
to take regular measurements. A further program has 
been implemented to monitor for any occurrence of the 
black-striped mussel. 

THE FUTURE 

The new Management Plans are the first Plan for Cartier 
Island reserve and the second for the Ashmore Reef reserve. 
The plans are due to come into effect early in 2002. 

The strategic objectives for Ashmore Reef National 
Nature Reserve and Cartier Island Marine Reserve 
outlined in the Management Plans are to: 

• protect the high conservation values in the marine 
and terrestrial environments of Ashmore Reef 
National Nature Reserve and Cartier Island 
Marine Reserve; 

• manage the Reserves as part of the National 
Representative System of Marine Protected 
Areas; 

• contribute to the protection of the overall 
conservation values in the Oceanic Shoals 
Bioregion; 

• facilitate research on the ecology of the Reserves 
and the Oceanic Shoals Bioregion; and 

• provide biological reserves that will contribute 
to an integrated management framework for the 
sustainable use and long term protection of marine 
resources in the MOU74 Box. 

The Plans assign an IUCN classification to the 
Reserves for the first time (Table I). Overall the reserves 
are assigned an IUCN category of la (strict nature 
reserve). Some areas of West Island lagoon and part of 
West Island are zoned as IUCN class II (national park). 
This classification allows continued access for drinking 
water and shelter from storms as provided under the 
provisions of the 1974 MOU. 

The assigned IUCN categories provide a continuation 
of previous management arrangements and intentions for 
Ashmore Reef. This high level protection has also been 
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Table 1 . Summary of activities regulated in Ashmore Reef National Nature Reserve and Cartier Island Marine Reserve. 


Activity 

1UCN category la zones 

Cartier Island Marine Reserve and the 
majority of Ashmore Reef National 

Nature Reserve 

IUCN category II zone 

West Island Lagoon and part of West Island 
in Ashmore Reef National Nature Reserve 

Access 

• Closed to the public 

• Allowed 

Take of native species 

• All take of native species is prohibited 
a without a permit. 

• All take of native species prohibited 
without a permit except for fishing for 
immediate consumption. 

Traditional fishing 

• Access permitted to West, Middle and 

East Islands to visit grave sites. Protocols 
will be developed for these visits which 
are sensitive to cultural needs. 

• Traditional fishing prohibited 

• Traditional fishers allowed access for fresh 
water and shelter from storms 

• Access permitted to visit grave sites. 

• Protocols sensitive to cultural needs 
will be developed for these visits 

• Traditional fishing prohibited, except for 
fishing (finfish only) for immediate 
consumption and one day’s sailing 

Australian commercial fishing 

• Prohibited 

• Prohibited 

Recreational fishing 

• Prohibited 

• For immediate consumption only 

Tourism and recreation 

• Commercial tourism subject to permit, 
considered on a case-by-case basis 

• Commercial tourism is subject to permit, 
considered on a case by case basis 


• Permits will be granted only where the • Non-commercial recreation is allowed and 

activity will contribute to knowledge or permits are not required 

management of the Reserves, will be highly 
restricted in the extent of its operation, 
and where it can be demonstrated that 
there will be no significant impact on the 
values of the reserve 

Filming and other 
commercial activities 

• Subject to permit • Subject to permit, considered on case-by- 

• Permits will be granted only where the case basis 

activity will contribute to knowledge or 
management of the reserves, will be highly 
restricted in the extent of its operation 

and where it can be demonstrated that there 
will be no significant impact on the values 
of the reserve 

Mining operations 

• Prohibited 

• Prohibited 

Buildings and other 
structures 

• Prohibited 

• Considered on case-by-case basis 

• All proposals subject to environmental 
assessment. 



• Only small scale facilities (such as weather 
monitoring stations) that are consistent with 
a category 11 Reserve will be allowed 

Research 

• Research contributing to management 
objectives allowed 

• Subject to permit, considered on case-by¬ 
case basis 

• Permits will be granted only where the 
activity will contribute to knowledge or 
management of the reserves, and can be 
demonstrated that there will be no 
significant impact on the values of the 
reserve. 

• Research contributing to management 
objectives allowed 

• Subject to permit, considered on case-by¬ 
case basis 
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afforded to Cartier Island reflecting the high 
conservation values identified for the area and the need 
to consider safety issues associated with the Islands 
historic use as a Defence Practice Area. Table 1 provides 
a summary of restrictions applying to various activities 
within the areas of the Reserves. 

CONCLUSIONS 

There have been significant achievements in the 
management of the Ashmore Reef National Nature 
Reserve. These achievements include the effective 
protection of rare and threatened species (turtles, 
dugong, dolphin, sea birds and migratory birds) and 
species legally targeted by traditional Indonesian fishers 
elsewhere in the region (trochus, trepang and sharks). 
There has also been a sound research program that 
has significantly added to the knowledge of the reserve. 

The management plans prescribe a continuation of 
the current high level protection of Ashmore Reef and 
for this level of protection to also be applied to the 
Cartier Island Reserve. Although traditional Indonesian 
fishers are not permitted to fish within the reserves. 
West Island Lagoon and part of West Island will 
continue as part of Australia’s commitment to traditional 
Indonesian fishers. 

Despite the success to date it is important to note 
that there are significant threats to the environmental 
values of the reserves. While Ashmore is in a healthier 
condition than other reefs in the region it is still subject 
to illegal fishing. The arrival of large numbers of illegal 
immigrants have created the potential for additional 
environmental threats. Ongoing surveillance and long¬ 
term management programs are required in order to 
ensure that the important natural values of the area are 
maintained in perpetuity. A long-term active 
management is required in this area to maintain the high 
conservation values. 
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ABSTRACTS OF OTHER PAPERS PRESENTED AT THE SYMPOSIUM 

Archaeology, material culture and a history of visitation; examples from 
Ashmore Reef and Browse Island 

PAULCLARK 

Museum and Art Gallery’ of the Northern Territory, 

GPO Box 4646, Darwin NT 0801, AUSTRALIA 
paul.clark@nt.gov.au 

The purpose of this paper is to contribute towards an understanding of the cultural heritage that exists in what 
one commentator has recently called Australia’s last frontier. This maritime zone, which lies at the edge of the 
Australian continental shelf on the border with Indonesia, includes an Australian external territory, a national 
nature reserve, a marine reserve and a significant oil and gas reserve. It is also subject to an international 
agreement regarding access to traditional fishing grounds. This paper discusses some of the historical sources, 
the archaeological evidence and the material culture currently available and provides direction for further research 
in the area of maritime resource use and a history of visitation. 


Who are the ‘traditional’ fishers of the MOU? An analysis of some data 
collected at Ashmore Reef 

PAULCLARK 

Museum and Art Gallery of the Northern Territory, 

GPO Box 4646, Darwin NT 0801, AUSTRALIA 
paul. clark@nt.gov. au 

In 1974 the Australian Government signed an agreement with the Government of the Republic of Indonesia. The 
agreement, titled Memorandum of Understanding between the Government of Australia and the Government of 
the Republic of Indonesia, concerns the operations of Indonesian traditional fishermen in the area of the Australian 
exclusive fishing Zone and continental shelf. This historic document, which subsequently become known as the 
MOU, has been described by some commentators as an act of compensation or a good will gesture on the part 
of the Australian authorities. Regardless of the political perspective one may have in regard to the MOU, it is 
interesting to note that it is one of the earliest official documents in the Australian context, which recognised 
traditional rights of access. The MOU was agreed to two years before The Northern Territory Land Rights Act 
was passed in 1976 and ten years before the Torres Strait Fisheries Act in 1984. 

Essentially the MOU does three things. Firstly it allows access to a defined area in the AFZ; secondly it defines 
the type of access, i.e. ‘by methods which have been the tradition over decades of time’; and thirdly it defines 
who is allowed access, i.e. ‘traditional fisherman’ - fishermen who have traditionally taken fish and sedentary 
organisms in Australian waters. It is this last category, the ‘traditional fisherman’ which is the focus of this paper. 
Since 1990, the Australian National Parks and Wildlife Service, now known as the Department of Environment 
and Heritage, has collected data on Indonesian fishing boat arrival at Ashmore Reef. This paper presents a 
preliminary evaluation of the data collected and its usefulness in answering the question ‘who are the traditional 
fishers of the MOU’. 


Ashmore Reef and its place in Indonesian voyaging 

IAN CRAWFORD 

5 Kirwan Street, Floreat WA 6001, AUSTRALIA 
iancrawford@mail2me. com. au 

During research on Indonesian contact in the Kimberley region, I spent five days on perahus at Ashmore Reef 
in 1968, and subsequently visited the island of Ra’as in 1974. As a result of that experience, I was able to advise 
the Australian government on the development of the MOU which sought to protect traditional fishing in the off¬ 
shore region. I will argue that the intention of the MOU has been progressively eroded, that the provisions of the 
International Law of the Sea are being ignored, and that the repercussions of administrative actions, while 
unknown in detail, may be catastrophic in human terms. I call for professional anthropological assessments of 
these repercussions, and professional anthropological involvement in any future changes which may affect 
Indonesian usage of Ashmore, and the creation of a management structure which ensures that the voices of 
traditional fishermen are heard. 
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Borders and bounders 

DANIEL DWYER 

Centre for Southeast Asian Studies 
Charles Darwin University, Darwin NT 0909, AUSTRALIA 
daniel.dwyer@cdu. edu. au 

While Indonesian fishing activity in northern Australian waters is an issue of continuing concern in both the 
management of resources and the policing of national boundaries, the issues involved are poorly understood. 
Outlined here are the beginnings of Australian interest in, and claim to sovereignty over, the area together with 
an overview of the changing nature of Australian control. Records of the origins of Indonesian activity at 
Ashmore, and observations of recent Indonesian fishing enterprise in the area, will also be examined. Illegal 
actions, such as motorised poaching, and the crewing of vessels delivering refugees to areas where the fishers 
have recently been denied reasonable access, are seen as the desperate and almost unavoidable responses to 
the changing Australian regulations. 


Considering Ashmore Reef within a bioregional context: insights from recent 
AIMS research and opportunities for the future 

A. HEYWARD 1 , M. REES 2 , L. SMITH 2 , A. HALFORD 2 AND M. CAPPO 2 

'Australian Institute of Marine Science 
PO Box 264, Dampier WA 7132, AUSTRALIA 
Australian Institute of Marine Science 
PMB 3, Townsville QLD 4810, AUSTRALIA 

The Australian Institute of Marine Science has sustained research into a broad range of marine ecosystems 
between Exmouth and Darwin since 1993. During this period a significant area of focus has been the Ocean 
Shoals Bioregion, which includes the Ashmore Reef area. Multi-year oceanographic and biological data sets 
have been collected from emergent reef systems such as the Rowley Shoals and Scott Reef, while additional 
research has focused on shelf and shelf-break physical oceanography and biological surveys of numerous 
submerged shoals on the Sahul Shelf. 

This research suggests that very significant coral reef type communities occur throughout the bioregion. 
Furthermore, consideration of recent work including surveys by AIMS, AGSO, CSIRO and the petroleum industry, 
prompts our hypothesis that the emergent reef habitats in this bioregion surveyed by scientific divers, while of 
great importance, may not be the most significant areas of biodiversity and biomass accumulation. Aspects of 
AIMS biological and oceanographic data will be presented to elucidate the key facets of this hypothesis. 

AIMS has the capacity to further explore the biodiversity of this region and will be deploying a research vessel 
into the north-west again on a regular basis. AIMS scientists in the biological and oceanographic disciplines are 
developing proposals, both internally and with collaborating agencies and industry stakeholders such as 
Woodside Energy Petroleum Ltd. to lead a multidisciplinary research effort into exploration and conservation of 
biodiversity in the oceanic shoals bioregion. This workshop provides an excellent opportunity to further refine 
the research priorities and future collaborations for research into this bioregion. 
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Uncertainty and GIS: a flexible management tool for the Ashmore Region 

P. PUIG 

A iresearch Mapping Ply Ltd 
GPO Box 186, Darwin NT 0801, AUSTRALIA 
darwin@airesearcli, com. au 

The Darwin Aquaculture Centre (a Division of the Department of Primary Industry and Fisheries of the Northern 
Territory) commissioned the Darwin office of AIRESEARCH Mapping Pty Ltd to create an Aquaculture GIS of the 
Tiwi Islands. The project, articulated around a GIS multicriteria decision-making methodology developed in 
ArcView (a popular, low cost, readily available commercial software), demonstrates a strategy which has great 
potential in many domains of environmental management. 

This multicriteria decision-making tool incorporates fuzzy logic to accommodate often loosely defined processes 
which are not deterministic nor probabilistic. These models, formulated in linguistic terms, are well suited to the 
uncertain world of “soft sciences”. The influence of the selected criteria on the model output (generally maps of 
suitability) can easily be “tuned” to changing conditions by altering their weightings. The semi-automatic 
evaluation of these weightings is achieved by pairwise comparison spreadsheets which eliminate all tedious 
calculations. 

The potential offered by this GIS modeling framework is demonstrated in the context of the Ashmore Region. 
This simple prototype identifies, around Ashmore Reef, the area(s) most vulnerable to illegal fishing based on 
three criteria: 1, vulnerability to trochus fishermen; 2, vulnerability to trepang fishermen; and 3, distance to 
anchorage (where authorities are based). The weightings of the first two criteria are inferred from the estimated 
market value of trochus and trepang. As the market value of these commodities fluctuates, so do the weightings 
of the corresponding criteria and, ultimately, the location and extent of targetted fishing grounds displayed on 
the output maps. 

The number of criteria in this prototype is deliberately limited to three as the purpose is merely to demonstrate the 
mechanisms of this visual decision support strategy. 


Recent coral mortality on the reefs of the MOU74 Box 

T. D. SKEWES 1 , D. M. DENNIS AND D. A. GRIFFIN 

CSIRO Marine Research. 

PO Box 120, Cleveland QLD 4163, AUSTRALIA. 

1 lim.skewes@csiro.au 

In 1998, there was a substantial mortality of hard corals on most of the shallow reefs of the MOU74 Box off the 
north-western Australian coastline, with up to 76% mortality on the large southern reefs, Scott and Seringapatam. 
In contrast, Ashmore Reef, and Browse and Cartier Islands had low or no coral mortality (0-5%). Hibernia Reef 
was intermediate (15%). We estimate that there were 2290 ha (+/- 14%, 95% Cl) of live hard coral, and 2570 ha 
(+/- 13.5%, 95% Cl) of recently dead coral on the shallow reefs in the study area (down to 15 m depth); an overall 
mortality rate of almost 53%. The level of mortality was not the same for all corals in the study area: over 83% of 
branching coral, but only 22% of massive corals had died. The highest mortality rates were on the lagoon or 
protected reef edges; areas where branching Acropora corals flourish. The coral most likely died during April/ 
May 1998, coinciding with widespread coral bleaching and mortality in the Indo-Pacific region caused by above- 
average sea surface temperatures. The different mortality rates between reefs is probably due to differences in 
maximum daily temperatures in the waters surrounding the two reefs during March 1998. The southern reefs, 
including the Scott Reefs and Seringapatam Reef, were in a sea surface temperature hotspot that was hotter and 
lasted longer than the northern reefs. There were large areas of what appear to be live foliose corals, probably 
dominated by Montipora spp., in the large (289 km 2 ) deep lagoon (~50 m deep) associated with Scott Reef South. 
We estimate that there is over 5000 ha of live coral in the deep lagoon, with little evidence of mortality. This is over 
twice the amount of live coral estimated for the shallow reefs in the entire study area. 
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Sea turtles of Sahul Banks - work completed and required 

SCOTT D. WHITING 1 AND MICHAEL L. GUINEA 2 

'Biomarine International, 

PO Box 376, Charles Darwin University’, Darwin NT 0909, AUSTRALIA 
s_whiting@biomarine.com 
2 Faculty of Education, Health and Science, 

Charles Darwin University, Darwin NT 0909, AUSTRALIA 
micliael.guinea@cdu. edu. an 

Ashmore Reef and the Sahul Banks represent an internationally important region for foraging and nesting sea 
turtles. Thousands of foraging green turtles (Chelonia mydas) with smaller numbers of loggerhead (Caretta 
caretta) and hawksbill (Eretmochelys imbricata) turtles live on Ashmore Reef. Green turtles are the dominant 
nesting species on most sandy and vegetated islands in the region including those at Ashmore and Scott Reefs 
and Cartier and Browse Islands. 

Research has suffered from the lack of continuity since beginning in the early 1980s. Several groups, including 
the Bureau of Meteorology, the Department of Territories and the Australian National Parks and Wildlife Service, 
have tagged green turtles on West Island at Ashmore Reef. Since 1994, the Sea Turtle Research Group from 
Charles Darwin University has conducted both foraging and nesting studies at Ashmore Reef with some work on 
Cartier and Scott Reefs. These studies rely on a minimum of five consecutive years of research to estimate 
several population parameters, including population size. Unfortunately, lack of funds in 2000 prevented the 
program from reaching its fifth year. 

A research and conservation strategy should be incorporated into the Ashmore Reef and Cartier Island Plan of 
Management. For sea turtles at Ashmore Reef, priority should be given to: 1, analysing all previous tagging data 
from West Island; 2, converting old database records to a new system; 3, setting long term goals for sea turtle 
conservation in the region; 4. continuing foraging studies to monitor population trends; 5, continuing nesting 
studies on West Island; and 6, estimating population parameters for the turtle species in the eastern Indian 
Ocean. 

For the conservation of sea turtles of the Sahul Shelf priority should be given to; 1, assessing the impact of 
potential threats such as oil and gas exploration; and 2, increasing surveillance of Cartier Island, Browse Island 
and the Scott Reefs to reduce the incidence of unlawful killing of nesting sea turtles. 
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